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NOTE

JPRS publications contain information primarily from foreign
newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the originul phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in bracke:s
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliteratad are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

- COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
MATERIALS REPRODUCED HEREIN REQUIRE THAT DISSEMINATION
OF THIS PUBLICATION BE RESTRICTED FOR OFFICIAL USE ONLY.
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ANNOTATION
[Text] . Compiled to develop the "Instructions for Designing Civil Defense Shelters'
(SN [Construction Standard] 405-70). Contains basic provisions and materials for
location, planning, design and calculation of supporting and protective structures
of built-in and freestanding'® shelters combined with areas used in peacetime for
needs of the national economy.

'

- Intended for designers drawing up standard and individual shelter designs,
workers of civil defense staffs, and specialists engaged in appraisal and accept~
ance of these designs.

1. [Here"?nd elsewhere, used in translating Russian expression "shelter standing
apart

T 1
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FOREWORD

The Handbook was drawn up by TsNIIpromzdaniy [Central Scientific Research and
Experimental Design Institute of Tndustrial Buildings and Structures] of USSR
Gosstroy and the USSR Ministry of Defense with the participation of Workshop No
18 of Mosproyekt-1 and certain other design organizations.

The Handbook includes three chapters of SN 405-70, the text of which is denoted
by a vertical line in the left-hand margin. Critical remarks and suggestions

- which arose in the process of designing shelters, and USSR Gosstroy decrees on
amending individual paragraphs of SN 405-70, were considered in compiling the
Handbook.

Explanations are given for each paragraph of the Instructions which give a justi-
fication and recommendations on the procedure for using these instructions, as are
additional data on space planmning and design decisions and on calculating struc-—
tures for a dynamic load from a shock wave. Handbook materials are illustrated
with examples of solutions and calculations with corresponding drawings, dia-
grams and charts. In some instances the numbering of figures, tables and formu-
las is dual--numbers corresponding to the SN 405-70 Instructions are given in
parentheses.

Participating in compilation of the Handbook were: architect V. F. Baranov, engi-
neers S. A. Lokhov and L. M. Korshak®, Doctor of Technical Sciences M. P.
Tsivilev, candidates of technical sciences V. I. Morozov, S. B. Rastorguyev,

pP. I. Yartsev, V. I. Ganushkin, M. D. Bodanskiy, A. I. Kostin and V. P. Krysin.
and Engineer D. V. Myl'nikova.

You are requested to send critical remarks and suggestions on the Handbook to
the address: 127238, Moscow, Dmitrovskoye shosse 60b, TsNIIpromzdaniy.
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1. BASIC PROVISIONS

1.1. These Instructions extend to the designing of spaces located in basement
levels of production and auxiliary buildings of industrial enterprises, resi-
dences and public buildings as well as in buried, freestanding structures
intended in peacetime for needs of the national economy and adaptable in wartime
for the protection of workers and employees (or working shifts) against the
injurious effects of nuclear weapons, toxic chemical agents and bioclogical war-
fare agents.

2 Notes: 1. For the sake of brevity, the text of the Instructions subsequently
will designate as 'shelters' spaces located in basement levels of buildings and
buried, freestanding structures intended in peacetime for needs of the national
economy and adaptable in wartime for protection of people sheltered therein
against the injurious effects of nuclear weapons, toxic chemical agents and bio-
logical warfare agents.

2. In addition to the recommendations and requirements set forth in these
Instructions, requirements of appropriate chapters of the SNiP {[Construction

- Standards and Specifications] and other standardizing documents approved and
coordinated by USSR Gosstroy should be followed in designing spaces adaptable as
;shelters.

For Paragraph 1.1. In those instances where buildings used for needs of the
national economy lack basement levels, a portion of the spaces should be designed
to be buried and adapted as shelters with observance of all requirements of SNiP
chapters and other standardizing documents, and in conformity witl requirements
of the SN 405-70 Instructions.

4 1.2. 1In designing spaces adaptable as shelters, provisions should be made for

= the most progressive space-planning and design decisions allowing a reduction in
structural weight, expenditure of materials and construction costs and an improve-
ment in the technical and economic indicators of the projects as a whole. The
dimensions of the spaces should be set at the minimum ensuring fulfillment of
‘requirements for use of those spaces in peacetime for the needs of the national
economy and as shelters in wartime. In choosing components and finishing
materials, a cost effectiveness analysis of their use should be performed for

each construction project, with consideration of the avajlability of appropriate

. production facilities and material resources.
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For Paragraph 1.2. Particular attention must be given to reducing the area of
spaces for sheltered persons and for internal engineering and technical equip-
ment to the limit of permissible standards with the use of the simplest arrange-
ments and small-size units, and to the need for using this equipment for produc-
tion needs in peacetime without disassembly.

_ In drawing up plans for adapting spaces as civil defense shelters, an attempt
also should be made to simplify engineering decisions in order to create condi-
tions for a reduction in time periods and in construction costs.

1.3. As a rule, spaces adaptable as shelters should be designed to be built
into basement levels of buildings and structures with a degree of fire resistance
of T or II. The design of such spaces as freestanding buried structures is per-
- mitted when there is no opportunity to install built-in shelters.

Designing of freestanding buried or semiburied shelters also is permitted under
difficult hydrogeological conditions when their estimated cost will be less than
the cost of built-in shelters, and when the construction of these shelters will
not entail a complication in the accommodation of other projects of the enter-
prise master plan.

Shelters are divided into classes according to SN 405-70 based on their degree of
protection.

For Paragraph 1.3. A built-in shelter is a structure intended for protection of
people and accommodated in the basement or semibasement level of an administra-
tive services, production or auxiliary building, as well as of a residence or
public building located next to the enterprise grounds.

- Built-in shelters can be designed under the entire building or under a certain
part (Fig. 1). Entrances, emergency exits, air intakes, and exhaust ducts may
project beyond the limits of the building.

A freestanding shelter is a structure intended for protection of people, erected
on a sector of an industrial enterprise which has no buildings, buried fully or
partially in the ground and covered on top and on the sides with soil (Fig. 2).

The statement on the preferability of using built-in shelters is explained as
follows:

As a rule, the cost of a built-in shelter is less than that of a freestanding
- shelter;

Connection of the shelter with production spaces is most convenient, providing
conditions and the opportunity for the workers to fill it rapidly;

Built-in shelters do not take up industrial grounds, which ensures their most
rational use in peacetime and does not detract from the technical and economic
indicators of the master plan.

1.4. The basis for a design of spaces adaptable as shelters must be the elabora-

_ tion of space-planning decisions of spaces intended for the needs of the
national economy, in conformity with requirements of chapters of SNiP, Part II,

4-5
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"Construction Design Standards," supplemented by necessary design, space-planning
and other decisions, for the purpose of adapting spaces as shelters in conformity
with the requirements of SN 405-70.

Shelter design should begin by determining the make-up of spaces which must be
accommodated in the protected part of a building basement or in a buried or semi-
buried freestanding shelter and intended for normal operation in peacetime. The
area of these spaces must not exceed the area needed for a shelter under standards
envisaged by these Instructionms.

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

]



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

b) XAt least myew
S

N\

Fig. 2. Freestanding Shelter:

a. Fully buried
b. Semiburied

Space-planning decisions for these spaces subsequently must be supplemented with
decisions of bearing components and engineering-technical equipment made in
laccordance with requirements placed on shelters.

For Paragraph 1.4. The supplementary decisions not covered by the SNiP require~
ments or by other valid normative documents determining the make-up and design
decisions of spaces to be used in peacetime include the following:

Installation and reinforcement of supporting and protective components providing
protection against injurious effects of a nuclear burst and fires for sheltered
persons;

Installation of protected entrances, fore airlocks, airlocks, airlock-sluices,
and emergency exits;

Installation of bunks or benches for accommodating sheltered persons;

Pressurization of shelters and the supply of clean air to persons therein under
all air-supply conditions;

Installation of supplementary toilets, containers for storing emergency supplies
of potable and recycled water, containers for emergency collection of drainage
water, and protected stand-by sources of electrical power;

Installation of protected caps;
Structural arrangements at entrances to engineering lines.
Standard, industrially manufactured components as well as small standardized

equipment must be used to the maximum possible extent in designing these installa-
tions.

The design of spaces and equipment not to be used in peacetime must be in conform-
ity with SN 405-70 or other valid normat.ve documents which take account of the
features of periodic and short-term use of shelter spaces and equipment. -
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1.5. The following spaces, accommodated in basement levels and buried structures,
“Ishould be used as shelters:

Personal services rooms (cloakrooms for personal and working clothing with showets
and washrooms, smoking rooms, storerooms);

Cultural and personal services rooms (reading rooms, lounges, technical training
rooms) ;

Production spaces in which manufacturing processes are carried out which are not
accompanied by the release of harmful liquids, vapors and gases dangerous to
people, which require no natural illumination, and which accommodate production
fall into to categories I' and ][] in fire danger;

Pedestrian and transportation tunnels, rooms for on-duty fitters, electricians
and repair teams;

Passenger vehicle garages (only in the form of freestanding structures);
Warehouse spaces for storage of noncombustible materials;

Trade and public nourishment spaces (stores, dining rooms, canteens, coffeehouses,
i milk distribution points);

Sports facilities (shooting galleries and rooms for athletic activities not
requiring natural illumination);

Combines for everyday services to the populace. ZhEK [housing and housing-
maintenance] offices and workshops, receiving stations for renting housewares,
shoe and clothing repair shops and so on.

Notes: 1. 1In addition to the list provided in Paragraph 1.5, USSR ministries
and departments can establish sector lists of spaces adaptable as shelters in
coordination with the USSR Ministry of Health, the USSR MVD [Ministry of Internal
Affairs] GUPO [Main Administration for Fire Protection], the USSR Civil Defense
Staff and the USSR Gosgortekhnadzor [exact expansion unknown].

h. It is permissible to use warehouse spaces for storage of noncombustible
materials as shelters in those instances where theve is no opportunity to use
other spaces for these purposes.

For Paragraph 1.5. Design practice indicates that cultural and 1 :rsonal services
spaces, personal services rooms, and pedestrian tunnels intended for the passage
of a small number of people are most suitable for outfitting shelters therein.
The advantages of these spaces is that they lack means of transportation, they
are accessible at any time and can be designed to be of low height with use of a
small bay size without detriment to their use in peacetime.

When using warehouse spaces as shelters, consideration must be given to the fact
that these spaces are permitted to store only noncombustible (nonflammable and
nonexplosive) materials, there must be physical liability for the safekeeping of
stored material, entrances as a rule must be from the enterprise grounds, and
their size has to permit the use of appropriate means of mechanization for load-
ing and unloading the warehouse.
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Dining rooms, warehouse spaces and technical spaces in public nourishment facilities
(dining rooms, canteens, coffeehouses) can be used for accommodating people to be
sheltered.

Trade and personal services spaces, offices, workshops, ZhEK and so on, located in
a city building in the immediate vicinity of an enterprise, should be adapted as
shelters in those instances where it is impossible to accommodate protective
structures on the enterprise grounds.

The need may arise to preserve production activities in some of the enumerated
spaces in enterprises functioning in wartime. Such spaces may include personal
services rooms, certain production and warehouse spaces, rooms for on-duty fitters,

= electricians, repair teams and so on. Space-planning decisions for shelters in
these spaces should be worked out with consideration of the accommodation of
sheltered persons without dismantling of equipment and without removal of the
minimum materials necessary for production activities.

The preduction work of such spaces as trade and sports facilities, housewares
. rental points, shoe and clothing repair shops and others ceases in wartime and
: the equipment not being used when these spaces function as shelters can be removed
when necessary.

The space-planning decisions for a cloakroom with shower, a tool warehouse and a
store adaptable as shelters are given as an example in figures 3-8.

A cloakfoom with shower room (Fig. 3 and 4) is designed in the basement of a four-
story administrative services building to be serviced by a working shift of 180
_ persons.

The cloakroom is equipped with double lockers for street and house clothing,
shower units, and single lockers for work clothing. With the facility's simul-
taneous use for services and as a shelter, the lockers for storage of street,
house and work clothing are replaced with benches. This decision permits the use
of the cloakroom with shower as a shelter without halting the production process.

A similar decision was made for the tool storeroom (Fig. 5 and 6), also located

- in the basement of an administrative services building. The design and placement
of shelves in the storeroom and outfitting of the storage area is calculated for
the accommodation of sheltered persons without dismantling the equipment. This
permits combining the purpose of the facility for the needs of the national
economy and for sheltering the work shifts.

A store with eight work. stations (Fig. 7 and 8) is designed in the buried portion
of a freestanding building of a trade and public dining enterprise. A combination
coffeehouse and dining room islocated in the above-ground portion.

The design envisages cessation of the store's production activities in a special
period and dismantling of a portion of the equipment. Compressors in the machine

room, evaporator batteries in the refrigeration room, and the refrigerated and
low-temperature counters are not dismantled.
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Fig. 3. A design decision for cloakroom with shower room in

building basement:
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7loakroom for street and house clothing with 180 double
lockers
Cloakroom for work clothing with 180 single lockers
Shower room
Dressing room in front of shower room
Women's toilet
Men's toilet
FVK [filter-ventilation chamber]
Diesel generator room
Hair drying and small repairs room
Clean clothing closets
Dirty clothing closets
Container room
Staff room
Stock room
Entrance No 1
Entrance No 2
Entrance No 3 (emergency exit)
Panel room
GSM [fuels and lubricants] storeroom

10

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

600

_ —m — Places for sitting

==1- Places for lying down

Fig. 4. A design decision for 850-person shelter combined
with cloakroom and shower room

1-4; 8. Spaces for accommodation of sheltered persons
5. Women's toilet

5a. Men's toilet

6. FVK

7. Diesel generator room

9. Clean clothing closet

10. Dirty clothing closet
11, 12. Control post

13. Sluice chambers [shlyuzovyye kamery]
14. Entrance No 1

15. Entrance No 2
16. Entrance No 3 (emergency exit)

17. Panel room
18. GSM storeroom

11
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1800

C—3- Shelves

C=x- Storage places

Fig. 5. A design decision for central tool storage in building
basement

—

Storage space
Tool storage
FVK
Diesel generator room
Women's toilet
. Men's toilet
Closet
Storage office
Inclined ramp
Airlock-sluice [tambur-shlyuz]
9a. Airlock {tambur]
10. Panel room
11. GSM storeroom
12. Entrance No 1
13. Entrance No 2 (emergency exit)
14. Rag storage

\om\no«gmbww

12

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

e ] . § o
e e

o ]
Lt

.ﬂ:§E=i:§23=§:=ﬁ

ACEBTT. --:_4»— e T -.»:;<>v<—-:~4 uv;a-
E=2ars 4---,_-1»__ eSS

ST apsSep>oel .sgiz:il TS apan

S S L o s d-—*‘-u.-.-h——‘e«—-
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=@~ Place for lying down

Fig. 6. A design decision for 900-person shelter combined with
tool storage

i, 2, 6. Spaces for accommodating sheltered persons
3. FWK

4, Diesel generator room

5. Women's toilet

5a. Men's toilet

7. Control post

8. Inclined ramp

9. Inclined ramp sluice

9a. Airlock

10. Panel room

11. GSM storeroom

12. Entrance No 1

13. Entrance No 2 (emergency exit)
14. Sluice chawbers

13
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Fig. 7. A design decision for store in buried porticn
of building

Sales room

Preparation of goods for sale
Meat refrigerator

Vegetable room

Fish refrigerator

Cold chamber airlock
Ventilation plant

Women's cloakroom

Cloakroom for outer clothing
Administrative storeroom .
Fish storeroom

Electric panel room

Airlock

Stairs

Cloakroom for special sanitary work clothing
Linen room

Men's cloakroom

Pump room

Heating station

Engine room

Reception room

Washroom

Vestibule

Vegetable storage

Packaging room

Heat curtain room

Engine room for refrigeration chambers
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Legend:

a- Place for sittin - Refrigerated and low-
temperature counters

c==- Place for lying downc—o- Evaporation battery
83 - Compressor

Fig. 8. A design decision for 600-person shelter
combined with store

1-6, 8-11, 16, 27. Spaces for accommodating
sheltered persons

7. TFVK
12. Panel room

- 13. Airlock-sluice
14, Shelter entrance
15. Women's toilet
17. Men's toilet
26. Heat curtain room
28. Emergency exit
18-25. See Fig. 7.
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The activity of the coffehouse-~dining room does not have to be halted.

1.6. In designing spaces adaptable as shelters, it is authorized, based on condi-
tions of their peacetime use, to install in protective structures the necessary
industrial openings fitted with appropriate protective devices.

The conversion of spaces used in peacetime to a shelter regime should be planned
for a short period of time (in conformity with SN 405-70).

For Paragraph 1.6. The size of lndustrial openings depends on the purpose of the
facility. Fixed ramps and openings can be made in walls of garages and storage
facilities for the entrance and exit of vehicles, forklifts, power trucks and
battery-operated trucks. Openings for loading stored materials using conveyors
and worm feeders also can be planned in storage facilities.

Openings for the loading and unloading of freight using elevators or cranes can be
planned in stores, dining roomsand warehouses.

Industrial openings can be protected by using standard airtight-blast or airtight
doors, shutters, gates or seals, and by installing a prop wall on the outer side
out of previously prepared reinforced concrete or metal elements. It is prefer-
able to employ doors, shutters, gates or seals in choosing protective devices for
industrial openings, inasmuch as this provides an opportunity to make the shelter
combat-ready faster. The product list and design of protective devices for indus-
trial openings are given in Appendix 1(3) and in Fig. 49.

1.7. In designing facilities which will be occupied by fixed equipment, disman-
tling of the latter is not envisaged in converting to the shelter regime. As a
rule, the area occupied by this equipment should not exceed 40 percent of the
facility's total area. In case the fixed equipment occupies more than 40 percent
of the facility area, its use as a shelter is authorized only with the appropriate
feasibility study.

For Paragraph 1.7. 1In each specific instance, for the purpose of rational use of
the total protected area of spaces adaptable as shelters, it is necessary to
decide the question of the possibility of using or adapting certain kinds of non-
dismantled equipment for accommodating the sheltered persons. Only equipment
which cannot be used for accommodating sheltered persons should be included with
the fixed nondismantledequipment which should not occupy over 40 percent of the
total protected area of a facility.

1.8. The capacity of facilities adaptable as shelters is determined by the sum
of places for sitting (in the lst tier) and lying down (in the 2d and 3d tiers)
and as a rule is accepted at no less than 150 persons. The designing of shelters
holding 50-100 persons is permitted with the appropriate feasibility study

[ tekhniko-ekonomicheskoye obosnovaniye].

Note. The designing of shelters holding 20-40 persons is permitted in exceptional
cases by authority of USSR ministries and departments and is accomplished in con-
formity with specifications approved under established procedures.
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For Paragraph 1.8. In designing facilities adaptable as shelters, it should be

- borne in mind that the proportionate cost of large-capacity structures is con-
siderably less than for small-capacity structures, and that they can be used more
effectively for national economic needs.

The power supply can be provided more reliably in large shelters inasmuch as it
becomes economically permissible to install protected diesel-electric power plants -
(DES) in them.

Shelters holding fewer than 100 persons are especially unprofitable economically,
inasmuch as the cost of such structural elements as entrances, emergency exits and
airlocks provides for a substantial cost increase of the shelter as a whole. In
addition, in a majority of instances the spaces of small-capacity shelters cannot
be used effectively for national economic needs.

1.9. The task of designing spaces adaptable as shelters is a component part of
the task of designing new enterprises, buildings and structures and reconstructing
existing ones.

The class of shelter should be indicated in the design task in conformity with
SN 405-70.

The stages in designing built-in facilities adaptable as shelters should be estab-
lished in conformity with the "Provisional Instruction on Drawing up Plans and
Estimates for Industrial Comstruction" (SN 202-69) and the "Provisional Instruc-
tion on Drawing up Plans and Estimates for Civilian Housing Construction'

(SN 401-69).

The drafting of standard plans for freestanding facilities adaptable as shelters
as well as standard design decisions must be done in two stages. The designing
of structures using standard plans must be done in one stage.

Materials of the engineering plans are part of the plans of the aforementioned
enterprises, buildings and structures and are made up in the form of an independent
section.

- Blueprints are published according to established procedures.

- For Paragraph 1.9. The portion of the design task concerning shelters indicates:

The instructions and directions serving as the basis of the requirements for con- -
struction of shelters;

The maximum possible working shift of the enterprise and its allocation to shops,
buildings and structures;

The description of the buildings and structures having basement levels which are
expedient to use for adaptation as shelters based on the nature of the production
process;

The peacetime purpose of facilities adaptable as shelters, their equipment, the
industrial process planned for them, and requirements for adaptation of equipment
in .the primary spaces for accommodation of sheltered persons;

17
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Class of shelters;
- Ritio of men and women to bc sheltered;
Primary requirements on space-planning and design decisions of shelters;
Sources of water, heat and electrical power for the shelters;
Location for leading off drainage water;
Hydrogeological conditions of the construction site;
Primary technical and economic indicators which must be attained in designing
shelters in basement levels or freestanding buildings (structures).
The designing of built-in or freestanding structures adaptable as shelters can be
accomplished:
In two stages-- the engineering plan and blueprints;
In one stage--engineering-detail plan (engineering plan combined with blueprints).
An independent section of the engineering plan should include: accommodation of
places for sheltered persons and an explanatory note with a substantiation of the
decision adopted in the plan as well as an extract from the enterprise master

- plan indicating the accommodated shelters, assembly radii and movement routes
of sheltered persons from work areas to shelter entrances.

1.10. The estimated cost of built-in facilities adaptable as shelters should be
determined from the estimate according to Appendix 5 to the Provisional Instruc-
tion for Drafting Plans and Estimates for Industrial Construction (SN 202-69) and
the expenses for construction of these facilities should be included in the project
_ estimates of buildings and structures.

An explanatory note to the engineering (engineering-detail) plan for built-in and
freestanding facilities adaptable as shelters should provide the techmnical and
economic data on supplementary expenses for adapting facilities as shelters.

For Paragraph 1.10. Supplementary expenditures for stages of the engineering
(engineering-detail) plan should be determined as the difference between the
estimated cost of facilities adaptable as shelters and the average cost of facil-
ities used in peacetime.

The estimated cost of facilities adaptable as shelters can be determined based on
consolidated indicators or as the difference of the estimated cost of the project
with or without a basement (shelter).

The estimated cost of freestanding shelters should include expenses for hooking
up toutility mains to the extent established by normative documents for buildings
and structures if the consolidated estimate provided for their development;
otherwise the estimated cost includes the utility maiuns to the full extent, but
supplementary expenses include only the hook-~up thereto. The estimated cost does
not include cost of grading and other area work for the construction and out-
fitting of control posts and protected DES and artesian wells with their use as an
emergency (reserve) source of water and electrical power supply to the enterprise.

18

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

The cost of facilities used in peacetime is taken based on the estimated cost in
the enterprise of one square meter of area or ome cubic meter of volume of similar
facilities under ordinary above-ground conditionms.

Suppiementary shelter costs should be determined based on one sheltered person
from the formula €y = Cu— KCa, (1)

where C,, represents supplementary costs per person sheltered;
Cy is the estimated cost of facilities adaptable as shelters per person
sheltered;
Cy is the average cost of facilities used in peacetime;
K is the area per sheltered person used in peacetime for enterprise needs,
in square meters.

Example. The estimated cost of a built-in shelter in personal services facilities
per person sheltered is 140 rubles. The average cost of one square meter of per-
sonal services facilities in the enterprise is 120 rubles. The area of facilities
used in peacetime per person sheltered is 0.52 square meters. Supplementary costs

per person sheltered are
Cy = 140—0,62.120 =77rubles 60 kopecks.

Supplementary costs also can be determined from the formula c,—C
Cy=—"7",
’ M

where Cyis the estimated cost of facilities adaptable as shelters;
C}Iis the estimated cost of similar facilities being used in peacetime;
M is the number of persons sheltered.

Example. A buried freestanding auxiliary production building is adapted as a

shelter for 1,000 persons. The estimated cost of this adapted facility is 270,000
rubles. The cost of one cubic meter of a similar project is 80 rubles, with 2,000
cubic meters being used in peacetime. The supplementary costs per person sheltered

are:
__ 270000 — 80-2000

= =110 rubles.
Cy 1000
The cost indicators per person sheltered must be shown as a fraction, with the
numerator being the estimated cost and the denominator being supplementary costs
per person sheltered. In the examples given they are 140/78 and 270/110.

Placement of Shelters

1.11. Spaces adaptable as shelters should be located in places with the greatest

concentration of people to be sheltered. The assembly radius of sheltered persons
should be taken in accordance with SN 405-70. In instances where there are groups
of at least 100 persons outside the limits of the assembly radius, cover should be
iprovided for them in the nearest shelter having an airlock.

For Paragraph 1.11. The assembly radius for sheltered persons is understoc? to be
their maximum permissible distance from shelter entrances. The distance of a
shelter entrance from the farthest exit from a production building in which people
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to be sheltered are located can be determined from the chart in Fig. 9 depending
on the building width B, density of workers P and shelter capacity.
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Fig. 9. Chart for determining distance of
freestanding shelters from production
buildings

B--Building width, meters; P--worker
density, persons/hectares

Calculation example. 1. There are 1,000 persons in a shop to
be sheltered. The one-story buiiding has a width B = 72 meters
and worker density P = 300 persons per hectare. Determine per-
missible shelter distance on the condition that building exits
are according to SNiP., The answer is no more than 220 meters.
2. A shelter is being built 300 m frcm the shop. How many
people can be given refuge in this sheiter (B = 72 meters, P =
300 persons per hectare)? The answer is 850 persons.

The time needed for people to descend from upper floors should be taken into
account in determining assembly radii at enterprises with a multistory building.
The values of the permissible distance taken from SN 405-70 or the chart in

Fig. 9 must be reduced for this purpose by three times the height of the corre--
i sponding floors. For example, persons to be sheltered descend by stairways from
| the sixth floor of a production building located at a height of 27 meters. In
this instance the assembly radius for a built-in and freestanding shelter should
B be decreased by 81 meters.

Emergency exits of freestanding shelters must be at a distance from neighboring
buildings and structures of at least half their height plus three me.ers.

As a rule, freestanding shelters and facilities adaptable as built-in shelters
should be located in sectors of fire safety or sectors with a III category of
fire danger.

Provisions should be made for the possibility of a convenient access to shelters
and evacuation of sheltered persons from them to grounds safest from obstructions
(areas without buildings, wide passages, road sites for access routes and so on).

In choosing a sector for erecting a shelter, avoid waterlogged and structurally
unstable soils, heavily pitched beds of sedimentary rock, areas inundated by storm
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and flood waters, and areas subject to flooding with the possible destruction of
hydraulic works. Bear in mind that the area of the site for comstructing a shelter
must be at least 10 square meters per person sheltered with consideration of the
accommodation there of soil removed from the pit, stockpiling of materials and pre-
fabricated structures, work areas for installation machinery and so on. A con-

, venient access must be provided to the building sites.

1.12. Spaces adaptable as shelters must be designed as buried facilitjes. The
bottom of the overhead cover as a rule should be located no higher than the

level of the grade. With a high water table it is permissible to locate the over-
head cover above the level of the grade with observance of requirements of para-
graphs2.20, 2.21 and 3.8 of SN 405-70.

The floor level of shelters located above the water table should be at least 0.5
meters above tche water table. With ground water occurring at a high level, it is
permitted to have the shelter floor level below the water table.

The minimum buried depth of shelters (floor level) should be at least 1.5 meters
from the surface of the ground in all instances, including freestanding shelters
being built where there is a high water table.

For freestanding buried facilities adaptable as shelters, there should be soil
filled above the overhead cover with slopes no steeper than 1:2, with the shoulder
of the slopes at least 1 meter wide around the perimeter of the structure's outer
wall, and with a layer of soil above the overhead cover of no more than 1 meter
and no less than 0.5 meters.

For Paragraph 1.12. Shelters buried in the ground provide the most reliable pro-
tection against all injurious effects.

When the shelter's overhead cover is located above the earth's surface. there is
an increase in the load from the effect of the shock wave on wallsprotruding above
the ground and a reduction in their protective features against penetrating radia-
tion and the thermal effect. Steps must be taken to increase their protective
features by providing a cushioning layer of soil or arranging a thermal insulation
layer.

When industrial grounds are terraced, it is recommended that shelters be located
at sites where the ground level drops.

1.13., In designing facilities adaptable as shelters under conditions of water-
logged soil, provisions should be made for adding a sealer or other waterproofing
as well as a catchment basin (sump) within the structure with a sump pump. The
emergency exit is usually located above the water table.

Note. With terrain relief permitting ground water to be drained by gravity, it is
permitted to plan drainage when an appropriate feasibility study has been accom—
plished.

For Paragraph 1.13. For technical and economic considerations, it may prove more
expedient in some instances to plan shelters with partial burial instead of buried
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shelters with costly and complicated waterproofing, especially in the presence of
ground water under great pressure (see Fig. 2b).

1.14. It is prohibited to lay "through" utility lines--heating, water supply,
sewer, compressed air, gas and steam lines, power cables, communications lines and
others~-through shelters.

It is permitted to lay water supply and sewer lines comnected with the building's
overall system in built-in facilities adaptable as shelters if cut-off devices are
installed which eliminate the possiblity of the shelter's protective features
being violated. Drainage standpipes must be placed in steel pipes securely fixed
in the overhead cover and floor of the shelter.

For Paragraph 1.l14. Drainage standpipes also may be placed in reinforced concrete
ducts to prevent their destruction under the effects of the shock wave of a nuclear
burst, since otherwise the shelter seal may be broken.

Steel check valves, flanged valves and gate valves can be used as cut-off devices
installed at the inlets of plumbing within the shelter.

Shelters can be located near water supply lines up to 150 mm in diameter and near
the installation's sewage and power supply systems, but no nearer than 25 meters
from large water and sewage mains, destruction of which might lead to shelter
flooding. A closer location is permitted if these mains are fitted with cut-off
devices.

1.15. A fill of a layer of soil of at least 0.5 meters and the possibility of
laying power supply cables and water lines where necessary (see Fig. 10) should be
provided above the overhead cover of built—in facilities adapatable as shelters,

I with observance of the requirements of Paragraph l.14.

Fig. 10. Overhead cover of built-in shelter

1. Gas line

2. Overhead cover (floor of first story, earth fill of
50-100 cm, waterproofing, reinforced concrete
slabs)

3. Ducts for laying communications, signalling and
power supply cables

4, Water line
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It is permitted to ignore the filling of a layer of soil over the overhead cover
of built-in shelters in residences and public buildings in providing for requisite
protection against the blast wave and penetrating radiation of a nuclear burst as
well as against high temperatures in fires.

For Paragraph 1.15. When it is impossible to lay the lines indicated inparal.l5
above the overhead cover, it is recommended that they be led beyond the limits of
the shelter in special ducts or tunnels laid along the outside of the shelter walls.
It is also best to lead standpipes not connected with the shelter's water supply
and sewage system outside the limits of the shelter.

1.16. Spaces adaptable as shelters should be located, with respect to tanks

and industrial units with dangerously explosive products at distances determined
based on the amount of products being stored and the degree of shelter protection,
but no less than the fire safety separation standardized in the SNiP and other
normative documents approved under established procedures.

For Paragraph 1.16. When shelters are located at enterprises which have stored
petroleum products, the following requirements must be observed:

Locations of the shelters must be chosen, as a rule, beyond the zone of possible
overflow of the petroleum products and their flooding of structures. In individual
instances it is permitted to locate shelters in sectors where the overflow of

- petroleum products is possible. Such shelters and entrances therein must be banked
with the bank at least 0.7 meters above the ground level;

Shelters should be located on the windward side of stored petroleum and gas
products.

Shelters must be located at a safe distance from containers of liquefied hydrocar-
bon gases (acetyleme, methane, ethane, propane, butane, ethylene, propylene,
butylene). This safe distance may be determined by the methodology given in
Appendix 4 depending on the amount of the product and degree of shelter protection.

In determining shelter locations in the master plan, consideration also has to be
given to their mutual positioning with respect to warehouses and industrial build-
ings representing a fire danger (lumber yards, lumber dryers and so on). Distances
betwcen the shelters and these yards (enterprises) have to be determined according
to SNiP Chapter II-M. 1-71 "Master Plans of Industrial Enterprises: Design
Standards."

11.17. Spaces adaptable as shelters must be protected against possible inundation
Iby storm or ground waters or by other liquids with the destruction of tanks
|situated on the surface of the ground or higher stories of buildings and struc-
|tures.

For Paragraph 1.17. The flooding of shelters by storm waters and other liquids
may occur primarily through entrances, exits and air ducts. For this reason, to
protect facilities adaptable as shelters against flooding, it is recommended:

Locate them on higher sectors of the terrain;
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Install ducts and drainage leading 1liquid away from shelter entrances;

Provide for an elevated area in front of the entrance preventing liquid from
leaking into the shelter;

Accommodate exhausts and air intakes at an elevation safe against liquid leaking
in.
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2. SPACE-PLANNING AND DESIGN DECISIONS

2.1. Spaces adaptable as shelters are subdivided into primary and auxiliary
spaces. The former includes filter-ventilation chambers (FVK), toilets and pro-
tected diesel-electric power plants (DES). Protected entrances and exits are
envisaged in addition.

For Paragraph 2.l1. Space-planning decisions for shelters should ensure:

Simple and precise planning with a minimum diversity of spans and elevations.
and with the least perimeter of outer walls;

Most economic use of internal volume and areas;

Normal conditions for use of facilities for national economic needs and as shelters;
Convenience of filling it and accommodating sheltered persons;

Creation of conditions needed for a lengthy stay of sheltered persons;

Rational accommodation of internal engineering-technical equipment and convenience
of its installation and operation;

Possibility of independent exit of sheltered persons from structures after the
effects of estimated weapons.

The design layout of spaces adaptable as shelters must be drawn up so as to provide
for the most effective.performance of supporting and protective structures under
the effects of a load created by the blast wave of a nuclear burst.

The most rational design configuration of a shelter must be chosen on the basis of
a technical and economic comparison of decision variants. Design practice indi-
cates that it is best to use a bay size of 6 x 6 meters and 4.5 x 6 meters for
most rational use of a structure's area for its national economic purpose and as
shelter. A smaller bay size hinders use of the premises in peacetime and forces
an increase in the area used as shelter, which leads to overall higher cost of the
structure. Use of a 3 x 6 meter base size must be justified by a feasibility
study.

In designing shelters there should be an attempt at a maximum possible use, for
accommodation of sheltered persons,of the protected area both of primary and other
spaces having a subsidiary purpose in peacetime use of the structure (closets,
staff rooms, storerooms, ontainer rooms and so on). Only spaces where the
présence of people is not recommended for safety reasons can be an exception.
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Primary Spaces

2.2, The facility floor area standard for one person should be taken as 0.5 square
meters with double—tier bunks and 0.4 square meters with a triple-tier arrangement
of bunks for sheltered persons, and the internal volume of the facility should be
no less than 1.5 cubic meters per person. The triple-tier arrangement of bunks for
sheltered persons should be provided in shelters accommodated in buildings built in
areas with outside air parameters as indicated in paragraphs 1, 2 and 3 of Table 15
of these Instructions.

Note. In determining volume per person, consider the volume of all spaces both for
primary and auxiliary purposes, with the exception of DES.

For Paragraph 2.2. The area standard of 0.4 and 0.5 square meters and a volume of
1.5 cubic meters per person is the minimum. With an estimated outside air tempera-
ture of more than 25°C, an increase in the floor area standard of primary facil-

- ities of up to 0.75 square meters per person is authorized to combat excesses of
heat. Any increase in the area standard above 0.4 and 0.5 square meters, however,
can be authorized only with a feasibility study.

2.3. The height of a facility should be made to conform with requirements of its
peacetime use, with at least 2.2 meters from the floor level to the bottom of pro-
truding components of the overhead cover.

For Paragraph 2.3. The floor level at the toilets can be raised above the floor
level of the shelter's primary spaces when installing emergency containers for
collecting fecal matter in toilets, providing a height of at least 1.7 meters to
the ceiling.

2.4, The seating for persons sheltered in a facility should be 0.45 x 0.45 m per
person, and the place for lying down in the upper tiers should be 0.55 x 1.8
meters. The height of benches for seating should be 0.45 meters, the height of
places for lying down in the second tier should be 1.45 meters, and in the third
tier it should be 2.15 meters from the floor. The distance from the top of the
tier to the overhead cover or protruding components should be at least 0.75 meters.

The number of places for lying down should be equal to 20 percent and 30 percent
of the shelter capacity with a double-tier and triple-tier arrangeuwent respec-
tively.

The width of passages at the level of the benches for seating (first tier) should
o be:

0.7 meters between transverse rows;

0.75 meters between a lengthwise row and the ends of transverse rows;

0.85 meters between lengthwise rows;

0.9-1 meter for through passages in the shelter (the larger dimension is for
passages between lengthwise rows).
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For Paragraph 2.4. Fig. 11 provides possible variants for accommodating places for
sheltered persons in shelters with various bay sizes, as well as dimensions for
lengthwise and transverse passages ensuring normal conditions for filling the
structures and the movement of people during a prolonged stay.
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Fig. 11. Variants for accommodating places
for sheltered persoms with the distance
between lengthwise walls (column rows) : a.
4.5 meters; b. 3 meters; c. 6 meters

In planning spaces adaptable as shelters special attention must be given to the
_ placement of equipment in primary spaces and its use for accommodating sheltered
persons. When the purpose of spaces is combined for national economic needs and
- for sheltering the working shift, the plan must provide for adapting certain
kinds of equipment for accommodating sheltered persons, and the distance between
individual types of equipment should be based on the specification of the place-
ment of benches and bunks between the equipment.

Places for sheltered persons to sit and lie down may be permanently installed when
the shelter is constructed. If their installation hinders use of the facilities
for national economic needs, they should be installed when the facility is con-
verted for use as a shelter based on prepared planning documentation.
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In some instances it is best to design benches and bunks to be collapsible.

When production activities in the facilities cease during a special period and the
plan envisages the dismantling of certain kinds of equipment from the primary

spaces, it is recommended that furniture and equipment (store counters, tables and
so on) be designed as sectional so it can be used to accommodate sheltered persons.

2.5. The control post should be accommodated in one of the shelters having, as a
rule, a protected source of electrical power.

The control post spaces--a work room and communications room--should be located
mear one of the entrances and separated from the space for sheltered persons by
partitions.

The total number of persons working in the control post should be up to 10, with an
area standard per worker of 2 square meters.

Notes: 1. The control post is not set up at enterprises with the number of workers
in the largest shift being up to 600 persons. In this instance a telephone and
radio broadcast point should be set up in one of the shelters for communications
with the local Civil Defense headquarters.

2. The total number of persons working at control posts of certain enterprises can
be increased to 25 persons by authorization of USSR ministries and departments.

For Paragraph 2.5. The control post (PU) is intended for accommodating the
installation CD staff.

The control post is outfitted with communications facilities providing:
Control of installation CD warning equipment;

Telephone communications of the management and operational personnel with installa-
tion CD subunits and with heads of the higher CD staff and with public and produc-
- tion establishments of a city, rayon or oblast;

Telephone communications with enterprise shelters, with shops which do not cease
production at the alarm signal, and with the enterprise dispersion area;

Radio communications with the local CD staff and with the dispersion area.

If the control post is designed for five persons or fewer, it is possible to
accommodate it in one room of up to 10 square meters in area.

Two work rooms and a communications room are assigned when up to 25 persons are
- working in the PU. The entrance to the communications room must be through the

work room.

It is best to use offices, service rooms, staff rooms and other spaces as control
posts.

Fig. 12 shows an example of the layout and location of a PU.
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Fig. 12. Example of layout and
location of control post:

1. Space for sheltered persons
2. Control post work room
3. Communications room

4., Toilet

_ 5. Entrance
6. Airlock
7. FVK

2,6, An airlock-sluice should be provided at one of the exits of shelters
holding 300 persons or more. A single-chamber sluice is provided for shelters

holding from 300 to 600 persons, and a double-chamber sluicefor shelters of
greater capacity.

With an entrance 0.8 meters wide, the area of each airlock-sluice should be 8
square meters, or 10 square meters with an entrance width of 1.2 meters.

There must be provisions for installing swinging or sliding airtight-
blast doors in the outer and inner walls of the airlock-sluice according to the

shelter protection class. Swinging doors must open outward in the direction of
the people's evacuation.

For Paragraph 2.6. The airlock-sluice is for preventing the danger of injury to

persons in the shelter when people who did not arrive at the designated time enter
it.

The airlock-sluice gives a cyclic passage of sheltered persons. The design decision

of entrances with sluices and a diagram of the passage of sheltered persons through
- the airlock-sluice are shown in Fig. 13.

The outer and inner doors of sluice chambers can be sliding or swinging with an
interlock precluding an instance of their simultaneous opening.
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Fig. 13. Design decision of
entrances with sluices

a. Single chamber sluice

b. Double chamber sluice

c. Diagram of entrance operation
with sluice in operation

1. Fore airlock

2. Sluice chamber

3. Airtight blast door

4., Down stairway
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2.7. Finishing of the spaces should be envisaged in conformity with SNiP require-
ments depending on the peacetime purpose of the spaces, but no higher than improved
finishing.

Plastering of the ceilings is not authorized. The joints in ceilings of precast
reinforced concrete slabs and gaps between them must be thoroughly covered with
mortar or concrete.

Note. It is prohibited to use combustible materials in finishing the interior of
spaces, or make bunks and other equipment (lockers) out of combustible synthetic
materials.

For Paragraph 2.7. Finishing of the face surface of precast eleménts of pro-
tective components under plant conditions is recommended in erecting shelters
made of precast or precast-monolithic components. Only float work or pointing
of joints between elements with cement mortar is required in assewbling structures
out of such elements.

Float work of face surfaces of protective and bearing components is permitted in
monolithic reinforced concrete structures.

The walls and ceilings in filter-ventilation chambers are coated with polyvinyl-
acetate paint.

It is recommended that the interior finish of walls and partitions in spaces with
high humidity be of covering plates (vinyl plastic) or finishing films.

Metal doors and shutters should be coated with synthetic paint (glyptal, alkyd-
styrene and so on).
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In all cases, the interior surface of shelter spaces (walls, ceilings, partitions)
should be painted or faced primarily in light tones.

Auxiliary Spaces

2.8, As a rule, the filter-ventilation chamber (FVK) should adjoin the outer
wall of the shelter and be near an entrance or emergency exit.

The size of the FVK space is determined by the dimensions of equipment and the area
needed for its survicing, in conformity with Table 14 of SN 405-70.

Note. The filter-ventilation equipment can be accommodated directly in the spaces

for sheltered persons in shelters holding 150 persons or less.

Table 1 (14) - Distances (Clearance) between Elements of
Engineering-Technical Equipment and Components

Standardized Values Dimensions, m

Distance between machines and
guards or control panels 2

Distance between two manual-
electric ventilators
(between handle axes) 1.7

Service passages between
foundations or housings of
machines and between
housings and components 1

Service passages between
cabinets and walls and
between power switchboards 0.8

Service passages between
elements of sanitary
engineering equipment 0.7

Distance between machine and
walls or between housings
of machines installed in
parallel when there is a
passage on the other side 0.3

Distance between units of
ventilation equipment and
wall with passage on other
side of units 0.2

31

TAT  ATITATAT TIOT ANT VYV

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300100023-2

FOR OFFICIAL USE ONLY

Table 2 - Approximate Area Norms of Auxiliary Spaces

Area (m2) per Person with Shelter Capacity
3 . + [] !
Des;rlpt}on of Shelter's Internal 150 1300 450 600 900 1200 or
Engineering Equipment
more
Without self-contained (protected)
power and water supply systems and
without air regeneration 0.15{0.14 ! 0.14}| 0.14| 0.14 | 0.14
- With a DES, but without self- ‘
contained source of water - - — 0.13{ 0.12}0.10
With self-contained power and water
- supply systems and with air condi-
tioning:
Source of cold--well water
- (tanks, wells) - - - 0.14 0.1310.11
Source of cold--freon units - - - 0.18| 0.17]0.15

For Paragraph 2.8. 1In designing auxiliary spaces there must be no excess and at
the same time always bear in mind that under special conditions auxiliary spaces
will be very loaded down and slight deviations from requirements toward a reduc-
tion may cause serious hindrances in their operation.

For most rational use of spaces outfitted as CD shelters, it is necessary for the
cumulative area of all auxiliary spaces to be minimum.

The area of auxiliary spaces can be determined according to the data given in
Table 2 depending on the nature of the internal engineering equipment and shelter
capacity.

As a rule, the FVK should be separated from other shelter spaces by partitions
with ordinary doors. The FVK equipment can be separated by a metal grid partition
in small-capacity shelters (up to 150 persons).

Air intake, exbaust air, and exhaust gas ducts are component parts of the filter-
ventilation equipment.

Separat> air intake ducts--for pure ventilation and for filter-ventilation--are
provided for ventilation.

It is advisable to supply clean air through the emergency exit. In this case the
accommodation of the emergency exit and air intake aperture in the FVK wall should
be designed with a displacement of 1.5-2 meters for the axes.

Air intake for filter-ventilation should be accomplished from the fore airlock.

It is permissible to accommodate it on grounds that may be obstructed and it can
be made of metal pipes with a diameter based on calculations. The pipes' egress
at the surface of the ground must be protected from mechanical damage in peacetime.
The distance between air intakes must be at least 10 meters.
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Exhaust ports and ducts are provided for air removal. The distance between the
exhaust and air intake should be at least 13 meters.

Exhaust ducts are installed in shelters with DES and theymust be a distance of at
least 20 meters from shelter air intakes and can be on grounds that may be
obstructed.

To protect elements of the air supply system from the shock wave, air intake and
exhaust ducts are fitted with UZS [exact expansion unknown] or MZS [exact expansion
unknown] antiblast devices and with expansion chambers or duct areas of equivalent
volume.

Expansion chambers are made behind the antiblast devices in front of the filter-
ventilation equipment. Minimum volumes of expansion chambers and dimensions of
ducts are given in Table 17 of SN 405-70.

2.9. Toilets should be designed separately for men and women. The number of
floor bowls (or toilet bowls) and urinals is determined based on the number of
persons using this lavatory, figuring 75 women per floor bowl (or toilet bowl) and
150 men per floor bowl (or toilet bowl) and per urinal (or 0.6 meters of a urinal
trough). Wash basins in lavatories are planned based on one basin per 200 persons,
but at least one per lavatory. The width of the passage between two rows of toilet
stalls or between a row of stalls and urinals located opposite them should be

1.5 meters, and the distance between the end of a row of toilet stalls and the wall
{or partition should be 1.l meters.

For Paragraph 2.9. Toilet spaces should adjoin the outer walls of shelters and be
located as closely as possible to spaces for sheltered persons and at the greatest
distance possible from self-contained water supply sources and buried containers
with a supply of potable water.

- Entrances to toilets should be arranged through vestibules (washrooms) with self-
closing doors.

Floor bowls and toilet bowls should be located in separate stalls with doors.

In designing toilets the stall dimensions in axes are taken to be 1.2 x 0.9 meters
1f doors open outward and 1.5 x 0.9 meters if doors open inward.

In Paragraph 2.9 the width of passages in toilets is taken for stall doors opening
outward. If doors open inward the passage width can be reduced and taken as 1.2
meters between stall rows or between a row of stalls and opposite urinals, and 0.8
meters between the end row of toilet stalls and a wall or partition.

The distance between axes of a group of wash basins should be taken as 0.6 meters.
A schematic diagram of a toilet design is given in Fig. 14.

If toilets are required for a small number of workers in peacetime (when the
spaces of warehouses, stores, repair shops and so on are to be used as shelters),

it is advisable for designs to envisage their use as storage rooms, warehouses and
other auxiliary spaces.
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TR T, AN It is permitted to disconnect the installed equipment
i “,V =1 (toilet bowls, drainage tanks) from the sewer system
? o and mothball it. In such cases there can be provi-
g{dror sions for installing stalls and partitions separating
1 O the toilet from the vestibule when the spaces are con-
4 o verted to a shelter regime, using prefabricated sec~
all tional elements.
4 :
= ¢ In a number of instances it will be expedient to
f reject the installation on the first floor of toilets
2 needed for requirements of peacetime operation of spaces
; ‘B adaptable as shelters and use shelter toilets instead.
A Py — Th?se toilets should be located near the staircase
(Fig. 15).

Fig. l4. Example of
toilet design in 900- 2.10. Spaces for a protected power supply source (DES)
person shelter: should be accommodated near the external wall of a
1 building, separated from other spaces by a fireproof

. Men . ..
7. Women wall with a refractory limit of one hour.

R A I e e L e, B v e T w O

i
b
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Fig. 15. Schematic decision of toilets in base-
ment off of main floor

1. Staircase 6. Entrance to

2. Vestibule space for

3. Women's toilet sheltered persons
4, Men's toilet 7. Airtight blast

5. Entrance to toilets door

- 8. Airtight door

The entrance to the DES from the shelter should have an airlock with two airtight
doors opening toward the shelter. The exit door in the DES must be fire resistant
with a refractory limit of 0.75 hours.

For Paragraph 2.10. A diesel-electric power plant should be planned in the
shelter only if, because of ventilation conditions, there will be a requirement
for more than ten blowers with manual-electric drive (ERV [manual-electric ven-

tilator]) or air cooling units and conditioners. In all other instances shelters
should receive electrical power prior to the employment of estimated means of
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- destruction from unprotected external sources of power, with the manual-electric
ventilator (ERV) used for ventilation after means of destruction have been employed.

As a rule, protected sources of electrical power should be planned for a group of
shelters located within a radius of up to 500 meters from each other, with the
possibility of using the DES as a reserve source of electrical power in peacetime.

The entrance to the DES can be designed from the airlock of the shelter entrance
(Fig. 16) or from the space for sheltered persons. An airlock with two airtight
doors opening toward the space for sheltered persons is arranged at the entrance to
the DES from the space for sheltered persons.

PTG, Dimensions of passages between equipment
% — elements in the power plant space and
f ? between the equipment and structural com-
J ponents (clearance) should be taken in
; accordance with data given in Table 1
14).
g :; (14)
% 1k \ In shelters with a DES the design should
iR A provide for a storage room for a fuel
2 : and oil reserve. As a rule, the storage
A A A A A~ room is located next to the DES and must
' ‘ have fire resistant, airtight doors
Fig. 16. Example of decision for opening into the DES space and containers
entrance to DES from shelter air- for fuel and oil storage. The storage
lock room is separated from the remaining
1. Staircase sﬁeltered spaces by blank, airtight a?d
2. Airlock fireproof walls with a refractory limit
3. DES of at least one hour. With a volume of )
4. Fuel storage up to 1.5 cubic meters of fuels and lubri-
5. panel room cants, they can be accommocated in the DES

machine room.

An emergency water supply is provided for shelters in case the external water line
is disabled.

Special containers (tanks) with an emergency store of water, open pools, artesian
wells and dug wells can be used as an emergency water supply source.

1n shelters which do not have industrial units, a water reserve is provided only
for drinking needs and extinguishing fires (in shelters with a capacity of more
than 600 persons). It is not recommended that the floor area of protected spaces
be used to accommodate containers for a water reserve.

It is best to make these containers in the form of cylindrical tanks and install
them on brackets under the ceiling of sheltered spaces. The elements fastening
the tanks to the overhead cover must be designed for the inertial forces arising
from the effect of a shock wave from a nuclear burst (see Appendix 5).
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Open pools are set up in the immediate vicinity of a shelter and used for supplying
water to industrial units and for putting out fires.

1t is authorized to set up artesian wells in the presence of an appropriate feasi-
bility study. It is advisable to design wells for a group of shelters, using
them as a peacetime source of water for the enterprise.

Protected Entrances and Exits

2.11. The width of openings and passages into spaces adaptable as shelters must
satisfy requirements of SNiP and other regulatory documents applicable to spaces
based on their peacetime purpose.

In multistory buildings the entrances to spaces adaptable as shelters with a DES
usually should be designed to be isolated from stairwells. It is authorized to
use an entrance to such shelters from a common stairwell by installing separate
exits for these spaces to the outside, separated from the remaining pertion of the
stairwell by blank fireproof components with a refractory limit of at least one
hour.

It is also permissible to install entrances with a fireproof door into the shelter
from the first floor of production and other buildings through an independent

- stairwell when personal service rooms and other spaces are used as shelters.

Storage spaces must have a separate entrance.

For Paragraph 2.11. Entrances must satisfy the following basic requirements:
Have the necessary throughout capacity;

Provide protection for sheltered persons against injury by the shock wave, pene-
trating radiation, thermal radiation, toxic chemical agents, bacterial agents and
- combustion products from conflagration, through entrances.

Entrances consist of a down stairway or fixed ramp, fore airlock, airlock or
B ) airlock-sluice, and entrance openings with doors. Entrance elements are shown
in Fig. 17.

Depending on conditions for accommodation of built-in and freestanuing shelters

and their peacetime use, shelter entrances may be of the following types:

Blind;

Through with a covered sector.

Fig. 18 shows space-planning decisions and basic elements of these types of

entrances. Bear in mind in choosing the type of entrance that in a blind entrance

the loads on walls and blast doors will be approximately twice those in a through
- passage. For this reason blind entrances should be installed only where no other

entrance decision is possible based on conditions of the structure's peacetime use
or use under other conditions.
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Fig. l7. Entrance Elements

Down stairway or fixed ramp
Fore airlock

Airlock or airlock-sluice
Entrance openings with doors
Shelter

Airtight blast door

NOYWUL W N

Airtight door in airlock or airtight blast
door in airlock-sluice

Fig. 18. Space planning decisions for entrances
without sluices: a. Blind passages; b. Through
passages with cover over fore airlock

1. Fore airlock
2. Airlock
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Entrances in built-in shelters can be designed:
From staircases of multistory buildings;
Along independent stairwells from the building's first floor;
_ From a basement unprotected from the blast wave.
The load on walls and doors of these entrances will be considerably less than in

blind or through entrances, while protective components of the aboveground part of
the building and stairwell reduce the effect of radiation on entrances.
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Fig. 19. Entrance to shelter with DES from
stairwell of multistory building

1. Vestibule
2. Wall separating flights of stairs leading
to second and following floors and to
basement
. 3. Shelter

Isolation of a shelter with DES from the general stairwell in multistory buildings
can be achieved by separating the flights of stairs leading to the second floor
and basement with a fireproof partition (Fig. 19 and 20).
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Fig. 20. Entrance to shelter with DES from
- stairwell of multistory building

1.

2.
3.

APPROVED FOR RELEASE: 2007/02/08:

Entrance to first and higher floors of
building

Entrance to basement (shelter)

Wall separating flights of stairs leading
to first and following floors and to
basement

First floor spaces

Shelter
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Basement Layout
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Fig. 21. Entrance to shelter from
- first floor of production space

o Fig. 22. Schematic of entrance to
warehouse space

1. Airlock
- 2. Fore airlock
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Schematics of entrances from the first floor of a production space and to a ware-
house space are given in Fig. 21 and 22.

2.12. The number of entrances should be made to depend on the shelter capacity
and number of persons arriving at one entrance, but it should be at least two
entrances. It is authorized to install one entrance for a shelter holding up to
300 persons, with the emergency exit envisaged as an evacuation exit with a door
height of 1.8 meters and gallery cross section of 1.2 x 2 meters.

The number of exits from production buildings for filling shelters located beyond
the limits of these buildings is determined in a manner similar to determination
of entrances to shelters. The overall width of exits from the building should be
no less than the cumulative width of entrances to shelters. It is permissible to
consider overhead-swivelled gates for transportation equipped for automatic or

- manual openings as exits from buildings in addition to ordinary exits.

For Paragraph 2.12. Depending on the width of the door opening, assembly

radius, or distance of the shelter from the exit of the building in which the main
mass of persons to be sheltered is located, the number of sheltered persons per
entrance should be in accordance with data given in SN 405-70.

To reduce the total number of entrances for shelters with large capacity, it is
recommended that the throughput of each entrance be increased by installing wide
down stairways and door openings or by combining several door openings in a single
entrance.

In a number of cases the nature of the people's location within an assembly area -
may differ substantially from the averaged conditions for which the data of

SN 405-70 are taken. In such cases it is advisable to perform supplementary cal-
culations to determine the necessary number of entrances.

The required number of entrances to a shelter depends on the entrance throughput
per unit of time and the rate at which people arrive at the shelter. Fig. 23a is

a chart showing the rate of arrival of persons at a shelter I. and their passage
into structure Q.. It is apparent from the chart that the throughput capacity of
entrances is not used fully when the shelter begins to be filled at a moment in
time from t, to tg, and that after tg the entrances function at full throughput
capacity. The throughput capacity of an entrance depends on the density of the
flow of people. Fig. 23b shows the relationship of a change in throughput capacity
of 1 meter of entrance width Q gy horizontal sectors and stairways with downward
movement to the density of the flow of people.

The throughput capacity of a specific entrance may be obtained by multiplying
Qpx, determined from the chart, by the width of the door opening.

An excessive consolidation of the flow in the entrance leads to formation of
"bottlenecks." Studies of the shelter filling process have shown that bottlenecks
do not form if the entrance throughput capacity is more than or equal to 80 percent
of tl imum rate of people's arrival .

1e max oL peop Q> 0,8/ (1ymax + » (3)
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Fig. 23. Charts for determining entrance
throughput capacity

a. Rate of arrival and entrance of persons into
the shelter

b. Relationship of entrance throughput capacity
to flow density

1. Rate of people's approach to shelter

Q; Rate of people's passage into shelter

Qex Throughput capaciaty of 1 meter of

_ entrance width, persons per minute

D Density of flow of people, persons per
square meter

Ty - Tp Moments of arrival at shelter of first
and last person respectively

t, and tp Moments of entrance into shelter of
first and last person respectively

tg Intermediate moment of entrance into
shelter

Vep Average speed of people's movement, km/hr:

l. In a horizontal sector
2. In a door opening
3. On a stairway with downward movement
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On this condition the number of entrances ny can be determined from the formula
0v8"ﬂ)mnx ([.)
SR
The maximum radius of people's arrival at the shelter depends on the assembly
radius, the people's movement speed and their density in the assembly area or
within the limits of a certain part of this area.

With an even distribution of persons to be sheltered throughout the assembly area,

the maximum rate of people's arrival at a shelter, located conditionally in the

center of the area, can be calculated from the formula 2nRPUp (5)
(fymex = A '

With an uneven distribution of persons to be sheltered the assembly area is
divided into a number of rings 20-25 meters wide and the rate of people's arrival
from each ring is calculated from the formula
- N{ U
Ly = Ark" . (6)
where N; is the number of people within the i~th ring;
Vep 1s the average movement speed of people within the assembly area;
Ar is the width of a ring;
R is the assembly area radius;
p is the density of persons in the assembly area,
k is the coefficient of nonstraight-line movement of people from building
exits to the shelter.

The maximum from among the values obtained for individual rings is taken as the
computed value I(ti)'

Depending on flow density, the speed of people's movement can be determined from
the chart in Fig. 23b. Let us examine the calculation procedures in examples.

1. There are 800 persons to be sheltered, distributed evenly in an installation
with a density of p = 10 persons per hectare. The mean assembly radius is 500
meters. The average movement speed along horizontal sectors is 90 meters per
minute.

2-3,14.500-10.10—¢.90
I ymax = — 1= 200 persons/minute.

The number of shelter entrances with a width of 0.8 meters and Qpyx = 80 persons

per minute will equal: . ,_O-s’umax 20 _a
T Qe 0,880

2. The total number of sheltered persons is 800. Their distribution in the
assembly area is uneven. The shelter is located on open grounds and persons to
be sheltered are in different buildings. There are no persons to be sheltered at
a distance of 300 meters from the shelter, there are 200 at a distance from 300 to
400 meters, and there are 600 persons at a distance of 400-500 meters from the
shelter. Let us break down the assemtly area into 20 rings 25 meters across
(Ar = 25 meters). The maximum rate of arrival is . 150-80 .o .
=513 persons/minute.
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The required number of entrances 0.8 meters wide with Qgx = 80 persons per minute
with free passage of people (without bottlenecks) will be . 0,8-400

" 0,880
I1n this case we should settle on five entrances despite the fact that this variant
is less economical than that provided in SN 405-70 (four entrances). Measures can
be taken to reduce the rate of arrival by bringing shelters nearer to the main
body of persons to be sheltered or by redistributing people to shelters for the
purpose of reducing the number of entrances.

"

=5

2.13. Entrances must be located on opposite sides of shelters with consideration
of the direction of movement of the main flows of people with provision for
entrances from enterprise grounds in the form of a through-type down stairway or
from unprotected basement spaces and stairwells.

All entrances to shelters except for one entrance with an airlock-sluice must be
- equipped with airlocks.

Doors in the airlocks should be as follows: airtight blast door corresponding to
the shelter protection class in the outer wall; airtight door in the inner wall;
and doors must open in the direction of people's evacuation.

_ It is recommended that sliding airtight blast doors be provided on the external
side of the airlock and sliding airtight doors within the airlock in the "open"
position when entrances are used in peacetime in entrances of spaces adaptable as
shelters and visited regularly in peacetime by a large number nf people (300 or
more) .

In addition to airtight blast doors and airtight doors, the entrance openings

R being used in peacetime must be covered with ordinary doors in accordance with
requirements of SNiP chapters on designing buildings and structures and require-
ments of fire safety standards.

For Paragraph 2.13. In addition to doors, the airlock should have a removable
wooden panel flush with the threshold and fixed ramp panels on the outer and inner
sides of the airlock. The wooden panels and standard hinged doors must be removed
when spaces are converted to a shelter regime.

2.14. The width of the stairways down to the entrance should be 1.5 times greater
than the width of the door opening, and that of fixed ramps should be 1.1 times
greater than the width of the door opening. The slope of stairway flights should
be ne more than l:1.5, and that of fixed ramps should be no more than 1:6. A fore
airlock in the form of a recess or reinforced head cover (platform) above the
entrance is built at the entrance door into the airlock (airlock-sluice).

The width and length of the airlock and fore airlock must be 0.6 meters greater
than the width of the door panel, and the width of the airlock-sluice must be at
least 2.2 meters.

Entrances must be protected from atmospheric precipitation. Pavilions (caps) for
protecting entrances (exits) against atmospheric precipitation must be made of
noncombustible materials.
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For Paragraph 2.14. The throughput capacity of stairway descents and fixed ramps
is less than that of the door openings, and so a varying width of descents and
door openings is taken in order to equalize the rate of arrival of persons to be
sheltered.

The number of steps in a flight (ascent) must be at least three and no more than
18 on routes for evacuation and for filling.

The height of a riser in stairway descents must be no more than 16 cm and the width
of a tread must be at least 25 cm.

For safety in descending, the surface of fixed ramps must be finished to prevent
slipping.

The vertical distance from the surface of a tread and from horizontal surfaces of
entrance landings to the lower part of the overhead cover must be at least 1.90
meters.

Handrails must be installed on the sides of stairways and fixed ramps.

It is recommended that intermediate handrails be installed in wide stairway descents
so that the distance between these rails and the handrail on the wall is 1-1.5
meters.

To protect entrances from atmospheric precipitation, it is permitted to install
light enclosures of noncombustible materials, and which can be demolished by the
- blast wave,over their openings.

The dimensions of airlocks and fore airlocks in a plan depend on requirements for
operation of the spaces in peacetime and on the width of doors and must provide for
the free passage of people through door openings with doors being opened and closed
at different times. :

1t is recommended that the width and length of the airlock and fore airlock be
made 0.6 meters greater than the width of the door panel. The distance from the
axis of the door opening to the wall to which a door opens must be 0.4 meters
greater than half the width of the door panel.

The mutual accommodation of doors in entrances is determined by their convenience
of operation in peacetime and by the capability of transporting equipment through
the entrances. Posiiioning of doors in a layout at a right angle to each other
is the most expedient based on degree of protection against radiation.

Doors may be swinging and sliding. A description of standard airtight blast doors
and airtight doors and shutters used in different classes of shelters is given in
Appendix 1.

Industrial door openings in shelters should be used, as a rule, for filling the

shelters with persons. The openings must be covered with airtight blast doors,
gates or shutters having a closing time of no more than 1.5 minutes.
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2.15. Spaces adaptable as shelters must have an emergency exit beyond the limits
of zones of possible debris from the collapse of buildings and structures.

One of the exits in shelters holding 600 persons or more (up to 3,000 persons)
must be fitted as an emergency and evacuation exit in the form of a tunnel with
inside dimensions of 1.2 x 2 meters. The exit from the shelter into the tunnel
must be fitted with airtight blast and airtight doors 0.8 x 1.8 meters in size,
installed in the airlock.

In freestanding shelters one of the entrances, located outside the zone of possi-
ble debris, can be designed as an emergency exit.

For Paragraph 2.15. An airlock must be designed when an emergency exit is used as
an entrance to a shelter and in those instances where persons from outside the
limits of the assembly radius will enter through the emergency exit, an airlock-
sluice should be designed. A schematic of an entrance combined with an emergency
exit is given in Fig. 24.

4 1
Leh of building T 1111
Pt

.

Sectional view

a1

T

T

Fig. 24. Emergency exit combined with entrance

L -- Distance from building to entrance
pavilion

12.16. An emergency exit in the form of a vertical shaft with a protected cap is
tauthorized in shelters holding up to 600 persons.
1

‘The emergency exit must connect with the shelter by a tunnel. Inside dimensions
.of the tunnel and shaft must be 0.9 x 1.3 meters.

'The shelter exit into the tunnel must be closed with airtight-blast and airtight
ishutters installed on the outer and inner side of the wall respectively.

ilnstallation of an airlock is permitted for this exit with appropriate substan-
tiation.
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For Paragraph 2.16. A schematic of an emergency exit from a built-in shelter is
given in [igures 25 and 26.

. Sectional view
e .
. E?ﬂ'ﬂ AP S VA IO =1
3
ki N

DUV DA L T ITH/S
Fig. 25. Emergency exit from built-in
shelter

Gallery

Shaft with protected cap
Airtight shutter

Airtight blast shutter

uzs

60 x 80 cm aperture with louvered
grid

H -- Cap height

L -- Distance from cap to building
(H = 1.2 meters with L equal to
half the building height plus 3
meters and H = 0.5 meters with
L equal to the building height)

[« WV, IO
T e e e e .

In freestanding shelters emergency exits in the form of a shaft with cap can be
designed adjoining the outer walls of a shelter. A schematic of such an entrance
is given in Fig. 27.

2.17. Emergency exit shafts must be fitted with protected caps, with their height
above the surface of the ground to be:

1.2 meters with the distance between the cap and building equal to half the
!building height plus 3 meters;

,0.5 meters with the distance between the cap and building equal to the building
|height.
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Fig. 26. Schematic decision for emer-
gency exit with down stairway

! 1. Gallery
? 2, Down stairway
3. Aperture with louvered

grid
!~
U E% § - Openings 0.6 x 0.8 meters in size fitted with louvered
5 s grids opening inward must be provided in each wall of a
7 = cap 1.2 meters high. A hatch 0.6 x 0.6 meters in size
y —H 42£§% must be provided in the overhead cover with a cap height
g R — 7o%% less than 1.2 meters.
H=p
v ::% Note: 1. With the emergency exit at a distance equal
RAS /b v . |to the building height, it is permissible to install a
J-;QEEN | S| |down stairway at ground level in place of a protected
2L YA 8] |cap.
. EA T 27
¥ N 2. With the emergency exit at a distance less than half
Fig. 27. Schematic the building height (H), the cap height should be
decision for emergency interpolated between the values of 1.2 meters and debris
shaft exit adjoining height at the building h; = 0.1H + 0.7 meters.

| freestanding shelter:

For Paragraph 2.17. Cap height should be taken to mean
the distance from ground level to the underside of the
cap cover.

1. Cap

2. Airtight shutter

3. Airtight blast
shutter

4. Louvered grid With shelters located in waterlogged soil, all elements

of emergency exits should be located above the level of
ground water (Fig. 28).

With a very high ground water level (0.5 meters from the earth's surface) and the
impossibility of building cushioned galleries, emergency exits can be made in the
form of protected shafts rigidly connected with the overhead cover (Fig. 29). 1In
this case the distance from the earth's surface to the bottom of the aperture with
airtight blast shutter must be 0.2-0.3 meters greater than the debris height at
the building.
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Design Decisions

Rk Bl o Rl L BT : i2.18. The structures of spaces adaptable as

- AR s\ 2 shelters must provide protection for persons
[= % ‘1- against effects of the blast wave of a nuclear

fr- ) ;}nn-. '? e . burst, radioactive emissions, thermal radia-

tion and heat effects from conflagrations.

Sectional view s Spaces adaptable as shelters must be airtight.
JL:L For Paragraph 2.18. The design elements of a
shelter are as follows:

7
%
G L

Bearing and protective components of the main
strugture: Overhead covers, external walls,
internal walls and columns, continuous base
plate or individual pillar (strip) foundations.

SN

Design elements of entrances: Walls of air-

*Ground Water Level. locks, airlock-sluices, fore airlocks, stair-
way descents and fixed ramps, covers for them,
Fig. 28. Schematic layout of entrance openings with protective devices
entrance combined with emer- (doors, shutters, gates), protected or unpro-
gency exit in waterlogged soil tected caps over shelter entrances;

1. Airlock with stairway
descent

2. Gallery

3. Airtight blast door

4, Airtight door

Design elements of emergency exits: Walls,
overhead covers and foundations of galleries
and protected caps, openings with protective
devices (doors, shutters, standardized protec-
tive sectiomns).

2.19. Bearing components must be calculated for the effect of the blast wave of
a nuclear burst and possess requisite strength in conformity with the shelter class.

It is recommended that girderless overhead cover be used for shelters, or over-
head covers with a girder arrangement and resting on columns according to the
column-girder (collar beam)-slab system. In some instances with appropriate
substantiation it is permissible to use inner lengthwise and cross bearing walls.

2.20. The weight of protective components for protection against radioactive
! radiation should conform to SN 405-70.

Note: 1. The weight of overhead cover includes fixed equipment (no more than
200 kg-force per 1 square meter of area occupied), conditionally taken as evenly
distributed over the overhead cover area, as well as the layer of soil on the
overhead cover.

2. To the weight of walls separating spaces adaptable as shelters from adjoining
basements should be added the weight of the portion of overhead cover of these
basements equal in width to the height of the wall.

For paragraphs 2.19 and 2.20. The weight of industrial equipment (machine tools,
conveyors, racks and so on) and the weight of light partitions installed on the
overhead cover which are not dismantled or removed in converting the spaces to a

shelter operating regime must be considered in determining fixed equipment weight.
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Il

u)! vl
(Ll y

/
f E
Y]

‘ % B *Ground water
level

Fig. 29. Schematic layout of emergency exit
with ground water level 0.5-1 meter below
overhead cover

a. Exit shaft without access gallery
b. Exit shaft with semiburied access
gallery
hy -- Distance from ground level to opening
(hs = 0.1H + 0.9 meters, where H is
the building height)
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2.21. Reinforced concrete walls and overhead cover not rovered with soil and with
a thickness under 0.6 meters as determined by the structural design must have a
- thermal insulation layer according to Table 3(2).

Table 3(2) - Thickness of Thermal Insulation Layer, cm

Size of Thermal Insulation Layer with
. Thickness of Reinforced Concrete Walls]
Thermal Insulation Layer and Overhead Cover, cm

40 30 20 10
Boiler or blast-furnace slag 10 15 20 30
Slag ceancrete 12 20 25 35
Heavy concrete . 20 30 40 50
Vegetable soil 25 35 45 55

For Paragraph 2.21. The thickness of walls and overhead cover for hollow elements
is taken as equal to the total thickness of the component and for ribbed elements
it is taken as equal to the thickness of the flange.

The data given in Paragraph 2.2l are valid for calculating the overhead cover of
shelters located in a zone subject to obstruction and under thermal effect of con-
flagration in the rubble.

Protective components of built-in shelters which will not be obstructed as well as
components of freestanding shelters located in a zone of conflagration in rubble,
but in sectors which will not be obstructed, do not have to be designed for heating
in view of the slight thermal effect.

Screens which can be installed on the inner side of the shelter can be used to pro-
tect persons from radiant heat coming from the heated surfaces of protective compo-
nents. In this instance a design temperature of 40°C is permissible on the inner
surface of protective components. Asbestos cement and fiberboard slabs, thermal
insulation mats and so on may be used as material for the screens. The greatest
effect is achieved with double screens installed 10-15 mm from the inner surface of
the protection and 10-15 mm from each other.

An approximate computation of the requisite thickness of the overhead cover compo-
nent for heating with an allowable temperature of 30°C on the inner surface can be
performed from the formulas:

In the absence of screens /= (2,4 4h)a,,'10% (7)

In the preserce of screens h;’; =(1,85— 44) a,4+10%, (8)

where h is the thickness of the reinforced concrete bearing component in meters;

and ays is the coefficient of temperature conductivity of the thermal insulating
material in square meters per hour.
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- 2.22, The structural schematic of built-in spaces adaptable as shelters should be
chosen with consideration of the design of the building (structure) in which the
shelter is being built and on the basis of the technical-economic estimate of
space-planning decisions for adapting spaces for needs of the national economy in
peacetime.

The structural decision for connecting frame elements of the above-ground portion
of buildings with components of built-in shelters must provide, as a rule, for the
building's above-ground components resting freely on the overhead cover of the
built-in shelter. To ensure spatial rigidity of the frame of an above-ground
building under the effects of operating loads, it is permissible to install "rigid
joints" calculated for destruction of above-ground components under a special com-
R bination of loads and for assurance of the strength and airtightness of the shel-
ter's overhead cover.

For Paragraph 2.22. The structural schematic of the building's underground portion
must correspond to the optimum extent to requirements for assuring strength and
stability under the effects of operational loads and a special combination of loads,
as well as to economic expediency.

As a rule, the center lines of external and internal bearing walls and individual

tiers (columns) of the building's above-ground frame and its basement portion should .
coincide. The distance between longitudinal and cross center lines of freestanding
shelters should be taken as a multiple of 15M (M is the basic modulus taken as equal

to 100 mm) .

It is permissible to introduce additional tiers in basement spaces reducing the
effective span of components of shelter overhead cover, within the accepted distance
between bearing components of the building's above-ground portion.
- The following structural schematics can be used in erecting shelters:

Frame-panel with full frame (Fig. 30a);

Frame-panel with partial frame (Fig. 30b);

Frameless (Fig. 30c).

The frame-panel schematic with full frame is a system consisting of posts (columns)

and collar beams filled in with slabs (panels) solidly connected with frame ele-
ments.

In the frame-panel schematic with partial frame, continuous walls are installed in -
place of the end columns and the fillings.

- The longitudinal and cross positioning of collar beams is permitted in frame-panel
structures with full frames. The longitudinal positioning of collar beams is
recommended in structures with partial frame, inasmuch as this provides an oppor-
tunity to reduce the number of complex joints in comnections between collar beams

and walls and improve the work of longitudinal walls against the joint effects of
vertical and horizontal loads.
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Fig. 30. Structural schematics of shelters

Frame-panel with full frame

Frame-panel with partial frame
Frameless

Precast reinforced concrete collar beam
Precast monolithic overhead cover
Reinforced concrete column

Wall slabs

Monolithic reinforced concrete slab of
overhead cover

Monolithic reinforced concrete walls

s =Non

o

53

TNR NWRTCTAT. USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

I

FOR OFFICIAL USE ONLY

In designing built-in shelters it is not recommended
that frame components (columns) of the above-ground
portion of the building be rigidly connected with
shelter components. Foundations under the columns
rest freely on the shelter's overhead cover. An
example of a structural decision for connection of
these elements is given in Fig. 31.

The most rational space-planning decisions for
spaces adaptable as shelters must be chosen on the
basis of a comparative technical-economic analysis
of different variants. Appendix 2 provides a
methodology for determining cost indicators for

Fig. 31. Schematic of above- various structural-design decisions for shelters
ground frame resting on shel- which allows selection of the most optimum variants
ter's overhead cover through depending on a change of particular parameters

a sleeve foundation affecting the cost of individual structural elements

and the structure as a whole. These parameters
include the span and height of spaces, type and
strength of material used, features of the struc-
tural (design) schematic, cost of materials and
articles and so on. A determination of cost expen-
ditures for individual shelter elements is performed
according to corresponding nomograms in Appendix 2.

l. Precast reinforced con-
crete column of above-
ground frame

2. Precast reinforced con-
crete sleeve foundation

3. Monolithic girderless
overhead cover

4. Fill The results obtained also can serve as a standard

for determining the degree of rationality of the
structural-design decisions being worked out.

2.23. Standard reinforced concrete shelter components must be used in drawing up
plans for spaces adaptable as shelters. With a ground water level more than 2
meters higher than the level of the shelter floor, the walls and foundation plate
of these spaces should be designed as monolithic reinforced concrete, envisaging
industrial methods for their construction.

It is permissible to use standard reinforced concrete components of industrial and
civilian housing construction for class IV-V shelters, strengthening their elements
in necessary cases.

For Paragraph 2.23. The use of unified components of basement spaces under series
U-01-02 and U-01-0l and precast reinforced concrete elements with increased
supporting power is recommended above .all in constructing shelters. For example,
this includes elements of pedestrian and production tunnels, collectors, slabs of
overhead cover of industrial buildings for heavy loads and so on.

The reinforcement can be increased by using steel with increased strength character-
istics and by increasing the sectional area of the effective longitudinal and
lateral reinforcement.

|2.24. Requirements of SNiP Chapter I-A.3-62 "Application of Single Modular System

|{in Designating Sizes of Precast Components and Articles'" should be followed in
!designing special precast reinforced concrete components.
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For Paragraph 2.24. It is preferable to designate the nominal width of base plates
of overhead cover, wall slabs and foundation plates from the sizes 1,000, 1,500 and
3,000 mm.

2.25. Overhead covers should be designed from precast and precast-monolithic rein-
forced concrete components with a refractory limit of one hour. Monolithic rein-
forced components can be used with consideration of the need for their comnstruction
in short time periods.

For Paragraph 2.25. As a rule, elements of overhead cover made of precast rein-
forced concrete components should be designed as sectional, covering joints with
mortar (concrete) and installing abeam of monolithic concrete around the circum-
ference of the structure, connecting the beam to the outer walls with anchors

(Fig. 32). 1t is advisable to design the precast-monolithic components as continu-
ous, with installation of above-pier reinforcement in the layer of monolithic con-
crete (Fig. 33). A portion of the effective reinforcement (longitudinal and
lateral) can be installed between precast elements (Fig. 34).

N In designing shelters of monolithic reinforced concrete, it is recommended that the
most rational structural decisions be made in which optimum use is made of the

- strength characteristics of concrete (protective components of curvilinear shape,
girderless types of overhead cover and so on). Proressive types of formwork as
well as the formless method of work should be used in building shelters.

2.26. Overhead covers should be securely connected with walls made of precast
reinforced concrete elements by welding inserts or reinforcement protrusions, and
with walls made of masonry (concrete) materials by installing anchors of at least
~ 2 square centimeters cross-section per one meter of wall. Anchor connections should
! be to a depth of at least 30 diameters of the reinforcement.

For Paragraph 2.26. At the bearing points of precast elements of the overhead
cover on internal walls, in addition to the anchors embedded in the wall based on

a figure of 2 square centimeters per one meter of wall, reinforcing rods are
installed additionally in joints between elements for providing a connection. The
total area of reinforcement placed on one side of the overhead cover with consider-
ation of anchors protruding from the wall must be at least 2 square centimeters per
one meter of overhead cover.

Placement of anchors at the junctions of precast, precast-monolithic and monolithic
overhead cover with walls of masonry materials is necessary for ensuring the inter-
connection of the structure's elements. This is considered a hinged joint and the
installed reinforcement is not considered in the design estimate.

In installing walls and overhead cover of monolithic reinforced concrete, it is
recommended that junction points be designed as rigid (frame) joints, with installa-
tion of requisite reinforcement in them based on calculation.

Structural decisions for junction points of overhead cover with walls are shown in
figures 35-37.
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Fig. 32. Arrangement of monolithic collar
beam in precast overhead cover

1. Monolithic collar beam
2. Slab

- 3. Precast collar beam
4. Column

Fig. 33. 1Instaliation of above-pier Fig. 34. Schematic of positioning
reinforcement in shelter's precast- of reinforcing cages between precast
monolithic overhead cover: elements of precast-monolithic over-

3 a. In continuous slabs head cover of shelter
71 b. In continuous collar beams a. Using channel slabs
1. Layer of monolithic concrete b. Using multicavity slabs
2. Above-pier mesh reinforcement 1. Precast elements
in slabs 2. Monolithic concrete
3. Slab 3. Supplementary reinforcing cages
4. Collar beam
5. Column
6. Above-pier reinforcement of

collar beam
7. Protrusions of la-eral rein-
forcement from collar beam
- 8. Collar beam (slabs condi-
- tionally not shown)
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Fig. 35. Anchoring of overhead cover elements with outer
walls

a. With a precast reinforced concrete overhead cover

b. With a precast-monolithic reinforced concrete overhead
cover

With wall construction out of long components.

Layer of monolithic concrete

Overhead cover element

Anchor ¢ 16 mm embedded every 1 meter in layer of
monolithic concrete

4, Rod ¢ 20 mm, welded to anchors

.

W N=0

e a
Fig. 36. Installation of anchors Fig. 37. Welded connection of
between overhead cover and inner precast reinforced concrete
walls elements of walls and overhead
_ 1. Precast elements of overhead cover
cover 1. Reinforced concrete element of overhead
_ 2. Inner wall of masonry cover
_ materials 2. Reinforced concrete element of outer
3. Anchors protruding from wall
masonry into joints between 3. Embedded parts in precast elements
overhead cover elements 4, Weld figuring at least 5 cm per 1 m of
4. Reinforcing rods laid in wall (height of joint weld is equal to
joints between precast 0.6d, with d being the thickness of an
- elements 8 mm embedded part)
5. Monolithic concrete 5. Monolithic concrete
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2.27. Walls should be designed of precast reinforced concrete slabs, concrete
blocks, monolithic reinforced concrete and other construction materials satisfying
strength requirements as well as other requirements placed on underground portions
of buildings and structures.

The joints of walls (corners, abutting and intersecting walls) made of masonry
materials and concrete blocks should be strengthened with Class A-I reinforcement
in the form of individual rods or mesh with an overall cross section of at least
4 square centimeters per 1 meter of wall with a 50 centimeter projectiom of the
reinforcement from the side of the wall.

It is permissible to design the walls of shelters located in waterlogged soil
where the ground water level is up to 2 meters higher than the floor level out of
precast components, providing for the filling of vertical joints between wall

slabs with impervious concrete (mortar) using nonshrinking or expanding cement or
portland cement with sealing additives, and embedding the slabs in a channel of the
foundation plate.

For Paragraph 2.27. Reinforced concrete slabs for the outer walls of shelters can
be nonbearing or bearing. Nonbearing slabs receive only a lateral (horizontal)
load (Fig. 38a and b), while bearing slabs in addition receive an added load from
elements of the shelter's overhead cover (Fig. 38c).

The design of horizontal and ~vertical joints at places where slabs come together
must provide a simple and reliable filling of the joints with mortar (concrete).
Slabs are fastened to columns by welding of inserted parts (Fig. 39).

As a rule, outer and inner walls of concrete blocks are placed with a bonding of
vertical joints. In some cases, when necessary to increase the bearing power of
outer walls against the effect of a horizcntal load, continuous vertical channels
are made in them and filled with concrete and reinforcing cages (Fig. 40).

At places where outer shelter walls come together with components of entrances and
emergency exits, floating joints are made in the absence of ground water. When
the ground water level is higher than the shelter floor level, components of outer
walls and entrances are rigidly interconnected, i.e., they are designed to be con-
tinuous. In this instance it is recommended that the grade of the emergency exit
floor be located above the ground water level.

Structural decisions for reinforcing joints of masonry shelter walls are given in
figures 41-44.

2.28. Columns and foundations should be designed of precast or monolithic concrete.
Use of a solid foundation plate is permitted under difficult hydrogeological condi-
tions. Joints of walls and columns with overhead cover and foundations must provide
a spatial rigidity to components under installation and design loads.

For Paragraph 2.28. To reduce the cross-section of columns with considerable loads
it is recommended that diagonal reinforcement of columns with horizontal mesh be

used. If the ground water level is below shelter floor components, the wall foot-
ings should be designed as continuous, with pier footings under columns. The grade
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Fig. 38. Variants of decision for outer walls

Nonbearing slabs positioned horizontally
Nonbearing slabs positioned vertically
Bearing slabs

Wall slabs

Precast portion of overhead cover

. Monolithic portion of overhead cover
Foundation

Marginal beam

Collar beam

Column

« o .

NoOuUMAsLND-D TR

of the top of continuous footings for walls should be set at the level of the bottom
of the subfloor (see Fig. 40). :

- With the ground water level near or higher than the shelter floor level, a solid
foundation plate is laid under the structure. Variants of structural decisions for
the foundation plate are given in Fig. 45.

The joining of columns with pier foundations and the solid foundation plate should
be rigid.

It is recommended that the joints of precast reinforced concrete columns and collar
beams be hinged, with welding, using special inserts (Fig. 46).

i2.29. Partitions should be designed of precast reinforced concrete and other fire-
proof materials and fastened to walls and columns. When longer than 3 meters they
also should be fastened to overhead cover by anchors with a cross section of 1
square centimeter per 1 meter of the perimeter, with provisions for freedom of
deformation of the overhead cover.

For Paragraph 2.29. It is best to use sufficiently strong materials having a small
volume weight for building partitions. The use of reinforced brick partitions is
permitted. Partition thickness should be determined in accordance with require-

ments placed on its strength and with consideration of the horizontal acceleration
received, sound insulating power and airtightness (in necessary instances). The
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Sectional view

Fig. 39. Attachment point of outer wall
slab to column

Reinforced concrete slabs
Reinforced concrete column
Inserts of slabs and columns
Connecting elements

. Weld

Filling with cement mortar

. Packing seal

NO UL SN

computation for equivalent static loads from the effect of inertial forces is given
in Appendix 5. Schematic decisions for junction points of inner walls with
surrounding components are shown in Fig. 47.

2.30. Fntrances, exits and alsoindustrial openings should be closed with standard
alrtight blast and airtight doors and shutters, basic characteristics of which are
given in Appendix 3.

For Paragraph 2.30. It is recommended that industrial installation openings of
considerable size be protected with gates moving on special rails parallel to the

surface of the wall in which the opening is located. The openings also can be
covered with specially made precast elements ensuring requisite airtightncss around
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view I-1
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Fig. 40. Structural decision for outer
concrete-block walls

Concrete blocks

Precast overhead cover slabs
Continuous footing
Reinforcing cages

Monolithic concrete

Concrete subfloor

Earth fill

o) &)

..+ 500 | HH
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Fig. 41. Structural reinforcement of
masonry walls with 6-8 mm reinforcing
mesh

A

Intersection
Adjoining
Corners
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Fig. 45. Structural decisions for
solid foundation plate

a. With beams below in the direc-
tion of the lesser column
spacing

b. With beams above in two
mutually perpendicular

directions
c. With capitals under the
columns
1. Column
2. Fill
1-1 g - . @I
_ » ) 8 r" 4
- o y
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Fig. 46. Hinged attachment point of collar
beam on column

1. Reinforced concrete collar beam

2. Reinforced concrete column

3. Inserts in column and collar beam

4. Reinforcement protrusions from collar
beam

5. Weld

6. Monolithic concrete
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47, Structural decision for attachment of

precast reinforced concrete inner wall

Wall of precast concrete blocks

Reinforced concrete inner wall

Round bar anchors inserted in outer wall
joints

Inner wall inserts

Column

Angle plates

Precast elements of overhead cover
Monolithic concrete

Anctors based on 1 cm? of anchor cross-
section per 1 linear meter of wall
length

Clearance between wall and overhead
cover slab equal to 1/50 of wall height
and filled with pliable material (felt,
rags and so on)

Component of wood or dry plaster filling
clearance between overhead cover and inner
wall

Weld joints
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the perimeter of the opening and between elements and the corresponding component
attachment (Fig. 48). Protective components are installed on the outer and inner
sides of a wall or partition. It is permissible to install protective components
on one side if a ground or sand fill at least 0.5 meters thick is placed above them.

Sectional view

. \l:

Fig. 48. Closure of
opening with precast

- reinforced concrete
elements

- 1. Precast reinforced
concrete beam
elements

2. Channels for
attaching beams

3. Anchors

4. Airtight liners
(packings)

Locations of passage through protective compcnents by
industrial devices which are not dismantled and which
operate continuously in peacetime (1lift trucks, trans-
porters, screw conveyors and so on) can be protected by
surrounding them with walls calculated for working loads
and installing airtight blast devices in the openings.
These components may be located either above or below
the overhead cover of the protective structure. Fig. 49
shows a possible structural decision for protecting the
spot where a belt conveyor passes through the overhead
cover.

A frame of angles (coaming) is built for attachment and
transmission of the load from airtight blast and airtight
doors to the bearing component of entrances and for
ensuring reliable airtightness along the perimeter of the
opening. The coaming attachment is made using anchors
(Fig. 50).

In designing entrances special attention must be given
to designing the joining of airtight blast doors with
the shelter's protective components.

If walls of the protective structure are to be made of
masonry or precast reinforced concrete, it is best to
design special reinforced concrete blocks with a door
opening. Fig. 5la depicts a general view of reinforced
concrete block with door opening. Reinforced concrete
blocks with a door opening can be supported in the
vertical plane both along the entire perimeter and on
two sides. Provisions must be made for attaching such
blocks to the walls of an airlock or sluice chamber to
preclude the possibility of its separation under the
effect of rarefaction pressure. This attachment can be
made using anchors embedded in the walls of an airlock
or sluice chamber and welded to inserts in the rein-
forced concrete block. The number of anchors is deter-
mined according to the load created on the blocks by the
pressure of rarefaction in the blast wave. The load
from rarefaction pressure should be determined according
to Paragraph 3.4. For an approximate computation of a
reinforced concrete block with door opening in the case

: of its being supported on two vertical sides, it is suggested that this block be
conditionally divided into four parts as shown in Fig. 5lb. It is assumed that
elements 1 and 2 function as beams on two swing supports and elements 3 and 4 as
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Fig. 49. Protection of industrial openings in
shelters

1. Protective components located below overhead
cover

b. Protective components above overhead cover

1. Airtight blast door, gate or shutter

2. Airlock

3. Specially built protective components
designed for operating loads P

4, Airtight devices

slabs bearing on three sides, one of which has a swing support (the vertical side)
and the two others are fixed. The dynamic, evenly distributed load acting on the
block is assumed to be equal to the load on walls of the corresponding type of
entrance. It is considered that the load is transmitted from the door panel
equally to elements 3 and 4, and the load on elements 1 and 2 from elements 3 and 4
is distributed according to the law of triangles (Fig. 5lc).

The load transmitted from elements 3 and 4 to elements 1 and 2, distributed accord-
ing to the law of triangles, leads to an equivalent static force P” (Fig. 51d).
This force in turn can be substituted for a force equal in value acting in the
plane of the longitudinal axis of elements 1 and 2 and for the couple of forces in
the plane perpendicular to the axis of this element (Fig. 5le). The force acting
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in the plane of the longitudinal axis of element 1 or 2 will cause a straight bend,
while the couple of forces will cause a twist. Elements 1 and 2 thus will experi-
ence a complex stress——-a bend with a twist. Computation values of the bending

moment Mm % the cross force Q and the twisting moment M, in elements 1 and 2,
in case of equal size of elements 3 and 4, can be determined from the formulas:
) Mmax = 0,25qqgq [0,67HC (B -}- 2C) -F 0,56 (B 4 2C)?); (9)
Qmas = 0,5¢sxa (B + 2C) (0,50 -+ b); (10)
Myp = 0,126q,4q bH (B +-2C), (11)

- where q,, is the equivalent static load;
H and B are the height and width of the door opening;
C = b*—0,5d; (12)
b is the width of the horizontal element 1 or 2;
b* is the width of elements 3 and 4; and
d is the width of the bearing area of elements 3 and 4.

1f the reinforced concrete block is supported above and below or along the entire
perimeter, the nature of the elements' work becomes different. Fig. 51f shows the
recommended division of a block for approximate computation when there is bearing

. above and below. In this case elements 3 and 4 can be viewed as beams lying on two
swing supports and elements 1 and 2 as plates supported on three sides, one of
which has a swing support and the other two are fixed. Division of the block
for computation in case there is bearing along the entire perimeter is shown in
Fig. 5lg. Block elements obtained from this division are best viewed as plates
supported on three sides.

12.31. At the inlets to utility lines providing external connections of the given
space adapted as a shelter with other spaces, as well as ensuring the functioning
of internal equipment systems after the effects of a nuclear burst, provisions
should be made for compensatory devices which preclude the possibility of damage
to in'ets should the shelter settle.

For Paragraph 2.31. Basic decisions for locations where utilities pass through
protective components of shelters are shown in Fig. 52. The distance between
expansion-contraction joints for shelters made of reinforced concrete or concrete
are established in conformity with requirements of SNiP II-B.1-62%*, or of SNiP
II-B.2-7]1 for masonry shelters. Structures requiring installation of an expansion-
- contraction joint must not be buried below the ground water level.

The structural decision for an expansion-contraction joint in protective compo-
nents is shown in Fig. 53.

Utility inlets into structures must be designed with consideration of the struc-
ture's shift with respect to the ground, and utility passages from one block of a
structure into another must be designed with consideration of the different dis-

placements of these blocks with respect to the ground. The relative settling of a
structure is determined from formula (141) of Appendix 3.
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Fig. 50. Attachment of coaming in door opening

a. Coaming anchoring
b. Schematic of anchor positioning around
perimeter of door opening
B 1. Coaming
2. Effective reinforcement based on wall
sector calculation
3. Anchors

Waterproofing and Sealing

i2.32. Shelter waterproofing must be planned in conformity with requirements of the
Instructions for Planning the Waterproofing of Underground Portions of Buildings
and Structures. The degree of permissible moistening of shelter protective compo-
nents should be determined depending on the purpose of spaces being used in peace-
time, but not below Category II.

For Paragraph 2.32. The choice and structural decisions for waterproofing must be
accomplished based on the requirements for preserving the continuity and impervious-
ness of the waterproof coating after the effect of design loads.

Materials should be chosen for waterproof coating which possess high adhesion, con-
siderable resistance to rupture, impermeability to water and steam and the greatest
relative elongation.

Of the waterproofing material existing at the present time, these requirements are
best satisfied by polyvinylchloride plastic compounds Grade 57-40 with a thickness
of 2 mm (STU 30-14264-64), high pressure (VD) sheet polyethylene 1.5-2 mm thick,

rolled "izol," "brizol," and asphalt-nairit, cement-latex and epoxy-tar compounds.

A waterproof coating of polyvinylchloride plastic compounds and sheet polyethylene
is used against ground water with or without pressure and against atmospheric
precipitation penetrating into the soil. It is made by gluing these materials to
the surface to be waterproofed using asphalt-rubber-solar cement (BKS), the composi-
tion of which is as follows (weight in grams): BN-III asphalt--100; SKS-30 latex
(recalculated for dry substance)--4; solar 0il--16 (or this may be done without
gluing).

Individual sheets are joined by lap welding with a 8-10 cm overlap of edges with
gluing and 3-4 cm without gluing. Non-glued waterproofing on the substructure is

6¢

FOR OFFICTIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

a} ' . &

c) - . d) . e) paﬁb’p,

7

tPf

J 4 J 4
2 ‘ § 2 A
Fig. 51. Computation schematics of reinforced
- concrete block with door opening

a. General view

b. Division of block into computation ele-
ments when supported on the two vertical
sides

c. Load diagram

d. Schematic of application of static force
P“ equivalent to load distributed from
base ¢ according to the law of triangles

e. Schematic of application of couple of
forces acting in a plane perpendicular to
the axis of element 1 or 2

f. Division of block jinto computation ele-
ments when supported above and below

g. Division of block into computation ele-
ments when supported along entire perim-
eter

1. Upper span piece of block of height b and
thickness h

2. Lower span piece of block of height b and
thickness h

3. Left post of block of width b3 and thick-
ness h

4., Right post of block of width by and thick-

ness h
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Fig. 52. Inserts of seals at inlets of pipe-
lines and cables

a.

b
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For air lines and cold pipes with butt weld-
ing (on internal pressurization lines)

and c. For cold pipes with passage within a
sleeve insert
Universal inlet for all pipelines

and f. The same for cables and electric
wires
Annular steel rib
Sleeve insert
Pipeline
Filling with cement mortar
Welded steel flange
Asbestos packing
Cable or electrical wire
Cable cement
Nozzle for pouring cable cement
Tarred rope packing
Nut for stuffing box of SKT [expansion
unknown ]
Cushion
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Fig. 53. Structural decision for deformation
joint in components of shelters of monolithic
reinforced concrete

a.
b.

In overhead cover

In walls

In foundation plates in absence of hydro-
static head

Protective layer of cement-sand mortar
Glass fabric between two layers of glued
waterproofing

Additional layer of glued waterproofing
Cold bituminous primer

Equalizer layer of cement-sand mortar
Poured prism with design taper

Overhead cover slab

Wall

Foundation plate

¢ 5 cm asphalt-impregnated braid

Filling with "izol" cement or hot asphalt
Caulking with tarred braid

Cement-sand mortar

Clay brick

Concrete subfloor
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permitted in the absence of a permanent hydrostatic head with a sheet thickness of
1.5-2 mm. To protect the waterproofing against mechanical damage when working on
horizontal surfaces, a cement-sand protective bond 3-4 cm thick should be placed
on metal gauze. One layer of pergamyn, ruberoid or cardboard is first laid on the
waterproof mat of the foundation plate.

- Waterproofing of polyvinylchloride plastic compound and sheet polyethylene can be
placed on vertical surfaces without installing protective components (bonds, parti-
tions). The fill around structures with waterproofing of the above materials is
accomplished with homogenous coarse or medium sand.

Waterproofing of rolled "izol" and "brizol"! is used to protect the structure
against ground water which is or is not under pressure as well as against
atmospheric water. It is insctalled by gluing these materials to the surface to be
waterproofed using the BKS cement. The number of layers of the material is based
on calculation, but it is at least three. At least four layers of "izol" or "brizol"
are used in the presence of a hydrostatic head. These materials are glued over-
lapping 10 cm along longitudinal junctions and 15 cm at cross junctions. The panel
seams should be staggered both along the length of pieces of material and depending
on the number of layers to be glued. To prevent damage of waterproofing during the
work a cement-sand protective layer 3-5 cm thick should be placed on horizontal
surfaces and cement plaster 3-5 cm thick on metal gauze,or a protective pressure
wall of bricks, concrete blocks or slabs with the space between it and the water-
proof coating filled with sand-cement mortar with a 1:3 composition should be used
on vertical surfaces.

With a wall height more than 2 meters, its stability should be strengthened by
installing pilasters, buttresses and so on.

w Asphalt-niarit, cement-latex and epoxy-tar waterproofing is used for protecting

N structures against ground water not under pressure and against atmospheric water.
It is installed by mechanized or manual application of the mixture: The first of

‘ at least 5-7 layers for a total thickness of 3-4 mm, the second of at least 5

- layers 2 mm thick, and the third of at least 3 layers 2-3 mm thick. A cement—-sand

| bond 3-4 cm thick is installed to prevent damage when working on horizontal sur-
faces. In addition, a protective-pressure wall 1-1.5 meters high out of brick,
concrete blocks or slabs is installed on vertical surfaces for cement-latex water-
proofing. Asphalt-niarit and epoxy-tar waterproofing requires no installation of
protective-pressure walls.

Coarse or medium sand with compacting of layers is used as fill for structures
with waterproofing of these materials.

In designing the waterproofing of protective structures, it is necessary to deter-—
mine zones of possible cracks in protective components and their expansion width
under the most unfavorable computed instances of the effects of dynamic loads and,
in conformity with this, to make a structural decision for waterproofing of par-
ticular material which can deform without rupturing and without losing its water-
proofing properties.

1. In connection with "brizol's" insufficient insulation strength in contrast
with hot cement, it should be used,asa rule, for waterproofing horizontal com-
ponents or solvents should be introduced in the cement to lower its working
temperature.
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Table 4 gives values of crack expansion at which waterproof coatings of different
materials deform without rupturing given a time of load increase of 0.15 seconds,
a pressure of 3 kg/cm? on the waterproofing and relative deformation of 0.2 for
sheet polyethylene, 1 for polyvinylchloride plastic compounds, and 0.08 for "izol"
and "brizol."

Table 4 — Width of Crack Expansion at which
Waterproof Coating Deforms Without Rupturing

Waterproof Coating No of Layers Crack Width, mm

Polyvinylchloride plastic

compound glued with BKS cement 1 13.8
The same as above, but not

glued 1 20
VD sheet polyethylene glued

with BKS cement 1 4.9
The same as above, but not

glued 1 12
"Izol," glued with BKS cement 3 3

"Brizol," glued with BKS
cement 3 4

Asphalt-niarit compound 3-4
mm thick 5-7 1

Cement~latex or epoxy-tar
compound 3-5 0.3

If the time values for a build-up in pressure differ from those in Table 4 or with
a different number of layers of rolled waterproofing material, a determination of

- the maximum crack width in concrete at which the material deforms without rupturing
can be performed from the following formulas:

a. For coating of a single or multilayer rolled material glued with BKS cement:
h—T

R 4. (13
- b. For coatings of rolled material without ad_Pesion to concrete:

1,3e;6

SRR (1)
where E is the computed conditional modulus of material deformation in kilograms

per square centimeter determined from Table 5;

e¢ is the computed permissible relative deformation of material, taken as
0.2 for sheet polyethylene, l for polyvinylchloride plastic compounds and
0.08 for "izol" and ''brizol";

§ is the cumulative thickness of all coating layers, centimeters;
is the computed resistance of cement to shear in kilograms per square
centimeter determined from Table 5;

ay =
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q is the standard pressure on the waterproof coating, kilograms per square
centimeter;

f, is the dynamic coefficient of soil friction on the coating, determined
from Table 6;

fo is the same for the coating on the concrete determined from Table 6; and

k is the coefficient considering work conditions of the coating in the sector
of deformation determined from Table 7.

It can be seen from Table 5 that a number of waterproof coatings deform without
rupturing with a rather significant width of crack expansion. But there is a
great danger that the waterproofing will shear or be pressed into the cracks and
rupture, and so in all instances the width of crack expansion is permitted to be
no more than 5 mm.

The relative displacement of elements of precast-monolithic structures at junctions
and joints also should be no more than 5 mm for this same reason.

If the crack expansion width by computation is less than 5 mm but greater than the
power of the planned waterproofing material to cover them, structural steps should
be taken to reduce the crack width or to use waterproofing with greater deformative
capacity.

In a number of cases it may be sufficient to reinforce waterproofing in crack
expansion zones with additional layers of waterproofing or with a layer of glass
fabric.

The following conditions must be observed for glued coatings of synthetic materials
for preventing damage to a waterproof coating in a vertical displacement of the
structure or with settling of the ground: gf, < Ru. (15)

In preparing a structure for waterproofing, its surface should be thoroughly
levelled by rubbing over with cement-sand mortar. All the structure's corners
must be rounded with at least a 10 cm radius. A cement-sand bond on the coating
of freestanding structures must be made with a taper of i = 0.02-0.03 from the
longitudinal axis to outer walls.

Examples of structural decisions on installing waterproofing are given in figures
54-56.

12,33, The utility line inlets must be accessible for inspection and repair from

the inside of the shelter. Shut-off fittings should be installed within the
shelter on water and heat supply inlets.

Inserts for cable, water line and heat supply inlets and for sewer outlets should
be installed in the form of steel pipes with annular ribs welded onto their middle
part. As a rule, ins2rts should be installed in protective components before
concrete work is done.

For Paragraph 2.33. Measures should be provided for on utility inlets which pre-
clude the possibility of their being severed during mutual displacement of the
structure and ground. Structural decisions for inlets of various engineering lines
are given in figures 57 and 58.
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Tablé 5 — Computed Resistances and Conditional Deformation Moduli for
Rolled Waterproofing Miterials and Computed Shearing Strengths of
BKS Cement with Varying Load Build-up

Computed Resistances Rp, kg/cm2 (Numerator)
and Conditional Moduli of Elasticity E,
kg/cm2 (Denominator), of Rolled Materials
and Computed Resistances of BKS Cement Rp,
kg/cm?, with a Load Build-up Time of ty,
Waterproofing Material milliseconds, equal to
up to 6 8 10 20 40 60 100
Polyvinylchloride plastic 240 230 220 180 150 140 128
compound with e, = 0.2 1400 1200 1140 920 720 700"~ 650
The same, with e, = 1 300 285 255 | 238 240 | 230 220
? t 300 295 290 270 220 215 210
Sheet polyethylene with 155 143 137 122 115 112 108
gp = 0.2 790 740 710 630 595 560 550
"Izol" in 3 layers with _54 50 _47 40 33 31 29
e = 0.10 560 520 500 430 340 320 300
"Izol" in 4 layers with 72 67 _62 54 46 _42 39
gy = 0.08 880 820 780 680 550 550 490
"Izol" in 5 layers with 880 83 _79 _10 60 54 _48
ee = 0.08 1120 1040 980 830 780 650 560
"Brizol" in 3 layers 61 56 33 _45 37 35 33
with ¢, = 0.10 630 580 560 480 380 360 340
"Brizol" in 4 layers _81 75 _10 _6l 52 _47 _ L4
with e, = 0.08 990 920 880 765 620 575 550
"Brizol" in 5 layers 99 93 89 79 67 _61 _54
with ¢, = 0.08 1260 1170 | 1100 935 880 730 650
BKS cement 17.5 17.5 | 17.5 13 9.8 8 6.2

Note. With other values of ty the quantities are interpolated.

2.34. Inserts for fastening airtight blast doors or shutters and the inlets and
outlets of utility lines should be designed with consideration of loads from
the effect of a shock wave.

2.35. After power supply and communications cables have been laid, provision
should be made for filling the free space in inserts (tubular portions) with cable
cement. The free space within inserts in other inlets and outlets should be filled
with sealing gaskets.
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Table 6 - Dynamic Coefficients of Friction of Sand on Waterproof
Coating f; and of Ccatings on the Levelled Concrete Surface £,

£, of Sand with Humidity, 7%

Medium Coarse f, with a Pressure o%
Coating Material 0 5 0 5 Surface up to Skg/cm
Polyvinylchloride plastic
compounds 0.50 0.40 0.55 0.43 0.65
Sheet polyethylene 0.42 0.36 0.45 0.38 0.56

! "Izol" and "Brizol" 0.52 0.40 0.60 .045 -

Table 7 - Coefficient Considering Work Conditions of Waterproof
i Coating in Sector of Its Deformation

O0R
L4 k
Rll
1—2 . 1
B >2 . 1,4

Examples of structural decisions are shown in Fig. 52.

i2.36. The degree of airtightness of spaces adapted as shelters must provide an
inside air pressure with a single exchange of air per hour:

10 kg/m? in conventional shelters;
30 kg/m? or more in shelters with higher airtightness.

An operating air pressure of at least 5 kg/m? must be provided in spaces adaptable
as shelters.

For paragraphs 2.34-2.36. The air pressure in shelters helps prevent the penetra-
‘ tion of toxic chemical agents and bacteriological aerosols within the spaces, as
- well as combustion products when there are outside conflagrations.

An operating pressure is maintained by the supply of air, the amount of which
depends on airtightness of protective structures and shelter entrances. The
required airtightness of a shelter is achieved:

By high quality of comstruction work with observance of effective standards for
production and acceptance of construction work;

By a reduction in the number of apertures and in the perimeter of input and anti-
blast devices, inlets and other inserts;

By conducting activities to prepare shelters for filling.
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12

Fig. 54. Example of structural decision for
waterproofing

a. Union of polyvinylchloride waterproofing of
wall and foundation plate with gluing

b. The same, without gluing

c. Union of "izol" waterproofing of wall and
overhead cover

d. Union of "izol" waterproofing of wall and
foundation plate

1. Reinforced portion of concrete subfloor

2. Compacted soil

3. Fill

4., Drainage layer

5. Reinforced concrete wall

6. Cement

7. Polyvinylchloride plastic compound

8. Reinforced concrete foundation plate

9. Concrete subfloor

10. Protective bond

11. Pergamyn layer

12. Protective wall

13. Equalizer layer

14, "Izol" ("brizol") waterproofing on cement

In designing civil defense shelters, a reduction in the number of apertures or
the perimeter of input and antiblast devices, inlets and other inserts installed
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a) 5 4 9 A
1 2 J 4567

7 0.2 Bz

Fig. 55. Waterproofing of deformation joints

In coatings and walls
In foundation plate
Waterproof coating
Additional waterproof layer
Metal joint cover
Rubber compensator
Asphalt~impregnated braid
and 7. Metal diaphragm and cover
UMS-50 cement
Metal strip
Base component
Protective bond
12. Concrete subfloor
Tarred board

.

.

ooV WNHOTD

'
-
— O
. .

—
w

Fig. 56. Waterproofing of pipe
passages

i 1. Main component
‘\ ’IIIIIIIII/IIIIIII’III’IIIIIIIIIIII.IIIII 2 * Anc h or b rac in g b o l t
; 3. Pipe

4. Pressure flange on bolts

5. Waterproof cover

6. Additional waterproof layer

7. Insert (pipe section)

8. Packing stop

9. Seal packing

10. Insert flange

11. Protective wall
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Fig. 57. Compensation device for
cable lines

a. Cross section
b. Top view

1 Cable
2. Guides
3. Seal
4. Chamber
5. End wall
] 6. Seal packing

P
/

Fig. 58. Compensation device

a. For filled lines
b. For air lines
- c. For exhaust gas lines
1. Pipe
2. Pipe casing
3. Seal
4. Braces
5. TUnion
6.

Exhaust shaft
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in outer enclosures can be achieved by using wider entrance devices, by replacing
several UZS-8's for UZS-25's, and by associating the inlets of utility mains

into one or two units.

In addition, avoid embedding various rastening and supporting parts (brackets and
so on) in the overhead cover and outer walls which are not covered with soil.

L volume of airlocks should be made no less than 5 m® to reduce the danger of
con:aninating the inner enviroument of a shelter with harmful substances coming

through leaks in entrances.

After the concrete has set, in order to fill possible hollow spots where inserts
have been installed, these places should be plugged up by injecting cement mortar
prepared from expanding cement. To inject the mortar behind the door casing
(coaming), one-inch connections should be installed in the casing figuring one
connection per 0.5 m of the casing perimeter. The mortar is injected until the
appearance of milky cement where metal joins with the concrete of the enclosure.
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3. CALCULATION OF COMPONENTS
Loads and Their Combinations

3.1. Components should be computed for a special combination of loads comsisting
of permanent and temporary constant loads and a static load equivalent to the
effect of a dynamic load from the blast wave (equivalent static load).

In addition, components must be checked by a calculation for the basic combina-
tion of loads and effects when sheltered spaces are operated in peacetime, and
for the stresses arising and preservation of the airtightness of the shelter's
overhead cover with a possible settling by individual supporting piers (columns)
of the shelter from the operating load of the above-ground building or structure.

Note. The equivalent static load on a component element is the static load which
causes the very same deformations in the element as a given dynamic load.

For Paragraph 3.1. In calculating shelter components for a special combination
of loads determined by a given paragraph a load from passing transport is not
taken into account. This load is considered in the calculation for themain
combination of loads.

A calculation of components for seismic effects during earthquakes is not per-
formed in freestanding shelters erected in seismic areas. Requirements of the
SNiP Chapter 1I-A.12-69, "Construction in Seismic Areas: Design Standards" must
be considered in the calculationand design of shelters built into buildings and
structures erected in seismic areas.

The main combinations of loads and effects arising while operating shelter
spaces in peacetime are compiled in conformity with SNi? Chapter II-A.11-62 from
permanent and temporary constant loads and one of the possible momentary loads
(which has the most substantial effect on the stressed state of the cross section,
element or the entire component being examined).

Components of shelters located on the grounds of oil and gas refineries and
chemical production plants are checked by the calculation for the effect of
equivalent static loads from the blast wave of a possible explosion of gas-air
mixtures formed with the destruction of containers holding dangerously explosive
products, The parameters of the shock wave from an explosion of mixtures of
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hydrocarbon gases of the CyH, type are determined from the nomogram and formulas
of Appendix 4.

The inner components of shelters (walls, inner walls, columns, intermediate
floors) as well as various kinds of devices for fastenirg internal equipment
must be calculated with consideration of inertial forces generated by a dis-
placement of the structure under the effect of loads from the shock wave of a
nuclear burst. Recommendations for the calculation and formulas for determining
equivalent static loads from the effect of inertial forces are given in Appendix
5.

3.2. The permanent and temporary constant loads must be determined in conformity
with requirements of SNiP Chapter II-A.11-62 'Loads and Effects: Design
Standards" and in accordance with design standards for construction components

of buildings and structures made of different materials.

The permanent load on walls from components of higher floors in the calculation
for the special combination of loads should be taken in conformity with SN 405-70.

For Paragraph 3.2. Special combinations are formed fror the following loads:

a. Permanent--soil weight and pressure, weight of bearing and protective com-
ponents of shelters and above-ground building components (only for Class V
built-in shelters);

b. Temporary--weight of fixed equipment and of liquids and solids filling the
equipment in the process of its operation, and weight of stored supplies and
articles;

c. Equivalent static load--from the shock wave of a nuclear burst or the explo-
sion of a gas~air mixture.

In computing the special combination of loads from above-ground building com-
ponents on walls and columns of Class V built-in shelters, consideration should
be given, in addition to the permanent load, to the temporary constant load in
the intermediate floors within limits of the computed height of the surviving
portion of the building as determined in conformity with SN 405-70.

3.3. In the calculation for the special load combination, the ritios of the
combination of loads and overloads to the equivalent static, permanent and
temporary constant loads should be assumed equal to unity.

For Paragraph 3.3. 1Iu the calculation of shelter components for basic load
combinations, the values of the overload factors, load reduction factors and so
on are taken in conformity with SNiP II-A.11-62 and with design standards for
construction components of buildings and structures of different materials.

Dynamic Loads from the Shock Wave

3.4. The dynamic load on component elements is determined by conditions of the
shock wave's effect on the shelter depending on burial in the ground and the
ground water level (Fig. 59(?)).
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15t
Poyv . Ps

Fig. 59(2). Schematic of application of
dynamic loads on components

a and b —— With full burial of built-in
shelter and with it adjoining basement
spaces not protected against shock wave

¢ and d —— With partial burial of freestand-
ing shelters banked with soil, with the
shoulder slope carried out to a distance
b greater than ("c") and less than "d")
the relationship hit h2 respectively

e —- With partial burial®of built-in shelter
and exposed wall sectors

f -— With full burial of built-in shelter
and with ground water level above
shelter floor

The dynamic load p, in kilograms per square centimeter is assumed to be evenly
distributed in area and applied perpendicular to the surface of components.

For Paragraph 3.4. The dynamic loads on shelter components from the shock wave
arise during a nuclear burst or the explosion of conventional explosives such as
TNT and mixtures of hydrocarbon gases with air. A load from the collapse of
building components above acts on the overhead cover of built-in shelters in
addition to the load from a shock wave flowing into first floor spaces through
wall openings. But the load from a collapse is not determining, since it is
several times less than the dynamic load from the shock wave of a nuclear burst
and begins to act at a moment in time when the load from the shock wave has
reduced considerably and the load on compoments has been relieved.
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The dynamic load from a shock wave is characterized by direction (vertical,
horizontal), by its method of application on components, by the law of a change
of its value in time, and by parameters of the shock wave (frontal pressure and
time of actiomn).

A shock wave propagates in the atmosphere with supersonic velocity in the form

of a compression region (phase) and a rarefaction phase which immediately follows.
At the moment the shock wave arrives, the pressure on the earth's surface in the
vicinity of the shelter leaps from atmospheric pressure pg to the value Ap¢ at

the wave front and then gradually reduces (Fig. 60).

ap

Po

Fig. 60. Change in pressure at fixed point
on the ground during passage of shock wave

App -- Overpressure in front

Ap. -- Maximum rarefaction

T, and 1_ -- Duration of compression and
rarefaction phase

po —— Atmospheric pressure

A, B, C -- Points on the curve

After the passage of time T, from the moment of the shock front's arrival,

the compression phase passes into a rarefaction phase. Air movement in the
direction of wave propagation arises simultaneously with pressure in the com-
pression phase. The air moves in the opposite direction in the rarefaction
phase. A change in air velocity u and density p in time is analogous to the
change in overpressure in the shock wave. In the majority of rases calculated
loads on shelter components depend on the overpressure App and dynamic pressure
q = Lou? in the compression phase.

Tae rarefaction phase is of substantial importance in determining reverse
(suction) loads on blast doors of shelter entrances and on hatches (shutters) of
emergency exits. The dynamic effect of the rarefaction phase is small in view
of the smooth increase in negative pressure, and so in this phase the equivalent
static suction load on doors and hatches is assumed to be equal to the maximum
absolute value of the negative overpressure. In the rarefaction phase it can be
assumed equal to 0.25 kg/cm® for Class II and III shelters and 0.15 kg/cm? for

Class IV and V shelters.
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The basic characteristics of the compression phase are the overpressure Apg

at the shock front and time of action t,. The magnitude of pressure at the

front of a nuclear burst shock wave is taken in conformity with the given degree

of shelter protection from SN 405-70. The time of action 1, of the compression
- phase with a given yield of a nuclear burst is determined from corresponding

reference data depending on the shelter class.

In calculating components, the effective chart (see Fig. 60) of the change in
overpressure in the positive phase is replaced by a triangular chart equivalent
in impulse with a linear dependence of pressure on time

¢
By =4, (! “—g“) ' (16)
where 6 is the effective time of action of the shock wave, which is calculated
in the formula (0.72—-0,08:1%)1'_*_ np 1 <Ap°<3;}
= | 17
(0.85— 0,28p,) 7. pr Apy S 1. (17)

In case data on the yield of a nuclear burst are absent in the assignment for
designing a shelter, the effective time of action of a shock wave should be taken
from reference data.

The maximum value of dynamic load on a structural element of the structure and

the law on its change in time depend on the medium (soil, air) through which

the load from the shock wave is transferred, on the conditions for interaction
: of the shock wave with the component, and on its dimensions. The simultaneous
- loading of all components of a structure is assumed. The dynamic load is con-~
sidered to be applied perpendicular to the surface of the calculated component
on all spans simultaneously, evenly distributed in area, and changing in time
according to linear laws (Fig. 61).

3.5. The dynamic vertical load p) on shelter overhead cover (Fig. 59(2)a-f) and
overhead cover of the galleries of emergency exits, and the horizontal load p;
on walls separating the shelter from adjoining basement spaces unprotected from
a shock wave (Fig. 59(2)b) should be assumed equal to the pressure in the front
of a shock wave Ap.

3.6. The dynamic horizontal load p, transmitted through the soil to elements of
outer walls (Fig. 59(2)a, ¢, d, e, f) should be taken from the formula

Py = ke lp, [18(1)]
where k; is the coefficient of lateral pressure taken from Table 3; and
- Ap is the pressure in the shock wave front in kilograms per square
centimeter.

For paragraphs 3.5 and 3.6. For overhead cover of freestanding shelters and of
galleries of emergency exits with ground fills no higher than 1 m (or without
£ill), and for overhead cover of shelters built into structures, the first floor
of which has a glass area greater than 50 percent or an easily demolished wall
space both with or without openings (for example, nonbearing attached panels of
industrial buildings), the law of change in vertical dynamic load in time is
shown in the chart in Fig. 6la and maximum pressure is taken equal to the
pressure in the shock front.
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Fig. 6l. Laws on the change of dynamic load in time

a. On overhead cover of freestanding shelters and galleries of
emergency exits without earth fill and with a fill no higher than
one meter

b. On overhead cover of built-in shelters and walls separating the
shelter from adjoining basement spaces

c. On frontal element of component rising above ground level
d. On rear element of component rising above ground level
e. On outer wall banked with soil; on overhead cover with a fill

greater than one meter; and on foundations on soft, nonrocky
soil

For overhead cover >f shelters built into buildings, the first floor of which has
a glass area of no more than 50 percent, and for walls separating a shelter from
adjoining basement spaces unprotected from a shock wave, the law for change of
vertical (horizontal) dynamic load is shown in the chart in Fig. 6lb, in which:

Ap, is the overpressure in the front of a shock wave which has passed through
openings; for overhead cover the value Ap is determined from the chart in
Fig. 62 depending on the coefficient ay (ratio of the area of openings in
{irst-floor walls to total wall ares, and pressure in the shock front in

the vicinity of the shelter; for walls separating the shelter from adjoining
basement spaces, the value Apup =0;

Appax is the maximum pressure equal to pressure in the shock wave front in the
vicinity of the shelter;

61 is the time of load build-up to maximum value, which tentatively is taken
equal to 0.15 seconds for Class V shelters, 0.N9 seconds for Class IV, 0.06
seconds for Class III and 0.04 seconds for Class II.
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Table 8(3) - Coefficient of Lateral Pressure kg

Soil Description in Accordance with SNiP Chapter II-B.1-62% Coefficient kg

Sandy with a moisture content G <0.8%; sandy loams with a
consistency B<l; loams and clays with a consistency B<0.75% 0.5

Water logged soils (below the ground water level); sands
with amoisture content G>0.8; sandy loams, loams and clays
with a consistency B>l 1

*In the presence of surveys, it is permissible to take: kg = 0.4 for sands with
a moisture content Gs0.5 and kg = 0.6 for clay with a consistency 0.75<B<l.
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Fig. 62. Chart for determining pressure
Ap, at front of shock wave which has
passed through openings in walls, depend-
ing on the coefficient oy and the protec-
tive structure class

In the presence of an earth f£ill more than 1 m thick on the overhead cover of a
shelter or gallery of an emergency exit, the overhead cover experiences the
effect of the compression wave generated by the shock wave propagating along the
earth's surface. Typical of the compression wave is the gradual build-up in
stress to a maximum 'alue (see Fig. 6le) in time 63, which is determined from
the dependence X (l _u ) ‘ (19)
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in which x is the distance from the ground level to the cross section in question;
and ag and a; are the velocities of propagation of elastic and plastic compres-
sion waves respectively in the soil.

Velocity a; is determined from results of tests on soil samples in accordance
with the "Instructions for Calculating Residual Strains of Soils under Dynamic
Loads" (Moscow, Stroyizdat, 1967). Tentative values of ap and a; are given in
Table 9. ' :

Table 9 - Compression Wave Propagation Velocities in Soil

Compression Wave
Propagation
Velocity, m/sec

Soil Density,

Type of Soil kg-sec?/m* Elastic ag Plastic a3
Loose sand : 160 200 100
Loam and sandy loam fills 160 250 150
Clay fills 180 300 150
Undisturbed sand 170 500 250
Undisturbed loam and sandy loam 170 700 350
Compact clay 200 1500 500
Sand and waterlogged sandy loam

with an entrapped air content of

0.8~1.5 percent in volume 190 600 450

1f pressure Apg acting on the earth's surface is greater than stress ¢y corre-
sponding to the dynamic limit of soil elasticity under compression, then with an
increase in depth the maximum vertical stress (pressure) op(x) in the compression
wave reduces and becomes 2qual to gg at a depth x3xg (where xg i~ the distance
from the earth's surface to the lower boundary of the zone of formation of
plastic deformations of uniform soil). The depth of the zone of formation of
plastic deformations of uniform soil is calculated from the formula

2019 - ( _..gl.
1—(ag/ae)* Bpy

The dynamic limit of elasticity (og) of soft soils comprises 1-1.5 kg/cm® and is
determined from results of tests of soil samples.

= ) Apy > 0. (20)

The distribution of maximum stresses op(x) in the compression wave in soil depth
is determined by the dependence
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' AW
om(x)= Bpall — l_a_" _2;:6 , 0K < Xy @1
]

Om () =04 1> s, '

In calculations it is convenient to use the attenuation factor, representing the
ratio of the maximum pressure in a compression wave at depth x to pressure at the
earth's surface.

The attenuation factor kygr is determined from the formula

o\ _x
kogy=1— [“"a% 2‘110'

22
0<x < x5 @)

kypr =

Oy
275 " x>x,.' |

As a result of an obstruction to the vertical movement of soil particles offered
by a structure's overhead cover, there occurs a process of reflection of the com-
pression wave leading to an increase in pressure on the overhead cover. Reflec-
tion of the compression wave is taken into account by the reflection factor Krps
determined from the chart in Fig. 63 depending on the relationship op(x) /og and

ag/ay.

Homp’

2 S 7 }
N —ZJE —
W A 1.

W T\

{4 \\ a

T i T ¥ Cnle) b

Fig. 63. Chart for determining factor
for reflection of compression wave from fixed
obstacle

The curves and values ag/ay are: 1 —- 1.1;
2 -—-1.,3; 3 - 1.5; 4-—-2;5--3

The maximum dynamic load (see Fig. 6le) on the overhead cover of a structure with
dirt fill x = H (H>1 m) will equal: kB

. A
- "o Ryar Forp

npH Ap,b > a4

pmnx
Pinax ==Ap¢ k;:p npH Ap¢<05,
where kggr is determined from formula (22) with x = H;
k*orp are determined from the chart in Fig. 63, and when Apy<<0s; the
relationship Apg/d, is used instead of gp,(x)/0s-

3)
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The time for build-up in load to ppyy is calculated from formula (19).

Since soil particles in the compression wave are displaced primarily in a direc-
tion perpendicular to the earth's surface, then there is no reflection of the
compression wave in the soil from walls of fully buried shelters. A lateral
pressure acts against the walls with a gradual build-up to maximum value (see
Fig. 6le), comprising a portion of the maximum vertical pressure in the com-
ression wave:
P Pook = k6 AP ksex  TPH App > Oy; } 24)
Péok = k¢ Apy np-Bpg < 0.
Here the attenuation factor from formula (22) usually is determined for cross
section x at the level of the middle height of the wall.

The magnitude of the lateral pressure coefficient kg depends on the properties
and granulometric composition of the soil, degree of water saturation, the amount
of stresses in the soil and rate of deformation of a soil element. Its value is
limited on the one hand by unity for waterlogged soils and, on the other hand,
by approximately 0.4-0.5 for soils with natural moisture content. As a rule,
the local value of kg usually is unknown. The value kg = 1 for waterlogged
soils ensures a certain reserve in determining maximum pressure on walls.

Example. 1t is necessary to determine the dynamic loads on the overhead cover
and walls of a structure fully buried in the soil, located in various zones of
the effect from an explosion of a gas-air mixture (see Appendix 4). The distance
from the earth's surface to the structure's overhead cover is H = 2 m, wall
height (from top of cover to floor level) is hgr= 4 m, and the soil is loam with
natural moisture content. The pressure on the earth's surface and effective time
of action of the shock wave in different zones from the explosion of GVS [gas-air
mixture] were determined in the example of Appendix 4 and comprise: (L)dpy =

17 kg/cm2 in the action zone of the detonation wave; 6 = 0.113 seconds; 2)

Arg = 3.15 kg/cm2 in the zone of action of blast products, 8 = 0.158 secends;

3 AR@ = 1.35 kg/cm® in the zone of action of the air blast wave; 6 = .258 sec.

From Table 9 the propagation velocity of compression waves in £ill loam equals:
ag = 250 m/sec, ay = 150 m/sec. The lateral pressure coefficient, in conformity
with Table 3 of SN 405-70, is kg = 0.5.

We will take the dynamic limit of elastic.ty to be og = 1.5 kg/m?. The build-up
time 0; in the compression wave is computed from formula (19):

For a cross section at the 1-vel of the top of a cover (x = 2 m)

0, = —= (1= 22— 0,006 d
) == mo( 2&J_" ,006 seconds.

For a cross section at the level of the middle of the wall

(x=l{ + %‘. — 2.;4_4- =4.M) 0, =0,012 seconds.

For a structure located in the action zone of a detonation wave the depth of the
zone of plastic deformation formation from formula (20) will equal:
2-]50-0,1!3( 1.5) .
| —— = 48 M,
1~ ()
250

X =

17
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i.e., greater than the depth of cross sections examined in the example. To
determine maximum stresses in the compression wave we can use formula (21),
where computations provide the following stress values:

At the level of the cover (x = 2 m)

1508 2 .
- 2 = | % 17.0,96=16,3kg/cM?;
Om '7[' (' 250’) 2-150-0,113] gle

At the level of the middle of the wall (x = 4 m)

© 1500 4
el (B8 2} < 17.09 = 15,6 %g/out,
Im "[‘ (1 250-) 2.150.0.113] brg/o

Attenuation factors at these levels will equal 0.96 and 0.92 respectively.

The coefficient of reflection of the compression wave from the cover with a
value @mnfo,=16,3/1,5=11 will be assumed equal to k*orrp = 2,

The maximum dynamic load on the cover from formula (23) equals:
Pmax = 17-0,96-2 = 32,6 n 2 /cM3.

From formula (24) the horizontal dynamic load on the walls equals:
- Pmax = 0,5(17-0,92) = 7,8xg /ewd, A chart of the ( mamic load on the cover and walls is
depicted in Fig. 6la.

When a structure is located in a aone of dispersion of blast products the depth
of the zone of plastic deformation formation from formula (20) equals:
; 2-150.0,188 [ 1.5\ _,
Xg= — 0,64 (—a'ls)-—-wn.

We will perform further computations based on the very same formulas as in the
first instance. Stresses in the compression wave and attenuation factors:

At the level of the cover

0n=3,16 [1—0,64 ]=3.|5-o,97=3.| ¥ fomd,

2.+150-0,158
kayar =0,95;

h At the level of the middle of the wall 4 _ _ 2.
Om = 3,16 [1—0,64 —————2.150.0‘68]_3,1; 0,95_§xg/m,

kagy = 0,95,
The coefficient of reflection of the compression wave from the cover according
to the chart on Fig. 63 with the value om/0,=3,1/1,5=2and @ofarl7 will be k* rp=
1.8 and the maximum dynamic load will be Pmax = (3,15:0,97) 1,8 =5,6 kg /c?,
The load ppax on the walls equals: Pmax=0,5(3,15:0,95 = 1,5kg/ cut,
The chart showing the load on walls and cover is depicted in Fig. 6le.
In case a structure is located in the action zone of the air shock wave with a
presure Apg = 1.35<0g = 1.5 kg/cm?, there will be no actenuation of the com~
pression wave for the levels examined and the maximum dynamic load on the walls

will equal: pumaex=kgApy=0,5-1,35=0,68k z/eut. The coefficient of reflection of the
compression wave froam the cover based on the chart in Fig. 63 with the value

91
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Apylos = 1,35/1,5=09 and

aglay=1,7 will be kopp=1,651 p. = Apyk;

orp =

=1,35.1,65=2,2Kg/cM%,

The chart of the change in dynamic load in time will remain the same (see
Fig. 6le).

The example given graphically shows the low attenuation of the compression wave
at depths down to 5-10 m with long action times of the shock wave on the earth's
surface.

3.7. The dynamic horizontal load p3 on elements of outer shelter walls
(Fig. 59(2)d) should be determined from the formula

Ps =Ko koup B0.. (25(2)]
where korrp is the coefficient which considers reflection of the shock wave taken
from Table 4.

Table 10(4)

Slope of banked shoulders 1:5 1:4 1:3 1:2

Coefficient korp 1 1.1 1.3 1.5

For Paragraph 3.7. When the air shock wave runs onto the front slope of an
embankment, maximum pressure on the slope in comparison with pressure at the
front of the passing shock wave increases sharply as a result of the wave's
reflection from the inclined obstacle. But this surge of pressure is very
transient and the maximum stress which it genmerates in the compression wave is
intensively attenuaied at a shallow depth from the surface of the slope. For
this reason the effect of this surge of pressure on the compression wave is not
considered and it is assumed that a state of stress is created in the soil by
the passing shock wave and that a plane longitudinal wave propagates from the
surface of the slope, with the displacement of soil particles in the wave being

“perpendicular to the slope surface. The frontal wall offers resistance to dis-

placement of soil particles, as a result of which the compression wave reflects
at an angle. The pressure of reflection acts against the walls with its value
determined by multiplying the maximum stress om in the compression wave from the
slope by the reflection factor computed in the formula

kmp = k:np cos? @+ kg sin’, (26)
where ¢ is angle of incidence of the compression wave (the angle between per-
pendiculars to the surface of the embankmenf slope and to the surface of the
obstacle (Fig. 64a);

korp is the reflection factor with a perpendicular incidence of the
compression wave on the obstacle (determined from the chart in Fig. 63).

Formula (26) is derived by substituting the state of stress in the soil from
effective pressure op by the equivalent state of stress created by pressure 01
and o, (see Fig. 64a), which are found by using known formulas for the conversion
from certain coordinate areas to others from the elascicity theory.
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Fig. 64. Schematics of shelter embankment

heth,
a. With slope shoulder extended pe —ettote
n

b. The same, with he+hy6e”

b>
n

Pressure in compression wave oy is determined for a cross section at the level of
the middle height of a wall with consideration of attenuation in depth. It is
permitted to take op equal to pressure at the front of an air shock wave in view
of the slight attenuation of the compression wave from a nuclear burst at prac-
tically applicable depths for placement of shelters. A change in the load in
time on a frontal wall considering the effect of a slope is taken from the chart
(see Fig. 6le), i.e., analogous to a change in load on walls of fully buried
shelters. The maximum load (see Fig. 6le) on a wall below point A (see Fig.

64a) equals: Prmex = Om (%) (k:;.pcosztp—l-_kosln’ 9). @n

Above point A we taken the load Proax==0n (x) ke. From the drawing (see Fig. 64a)
it follows that the compression wave's angle of incidence on the wall equals
¢ = 90° - o, where o is the dip angle of the slope to the horizontal (tg o =

1/n).

Formula (27) can be reduced to the form (with op(x) = qu,)

.
0Tp

sin® o -} cos? a) App.
ke

Pmax = k¢ (
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From a comparison with formula [25_(1.!)] of SN 405-70 it is apparent that

korp = :;p sih® o 4 costa. (28)

Table 4 of SN 405-70 provides averaged values of kgp,. To reduce the load on the
front wall, it is recommended that extension b of the slope shoulder be arranged
so that the projection of the slope does not fall on the wall (see Fig. 64b).

The amount of extension is determined from the geometrical relation

hose b
b)(hoa+ho)t8a="—:—‘. (29)

With such values of b the maximum load on the wall is determined by formula
[18(1)] of SN 405-70. Since the shelter's orientation with respect to the center
of a nuclear burst is practically never known, then all walls of a partially
buried shelter are calculated for the loads examined above.

3.8. The dynamic horizontal load py for outer walls rising above ground level
and directly receiving the load from the shock wave (Fig. 59(2)e) is determined

from the formula 2.600° i
pe=A4p+ 217" [30(3))

For Paragraph 3.8. 1In the process of the shock wave's interaction with shelter
components rising above ground level (outer walls, caps of emergency exits), two
phases are distinguished: diffraction and flow-past. The diffraction phase is

the initial one -- acting on the front component is the reflected pressure
Lporp, determined from the chart in Fig. 65 or, from the formula
6Ap,
= —_— (31
Sporp = 2po+ o )

A rarefaction wave arises at the edges of the projecting portion of a structure
flowed around by the shock wave because of a difference in pressures in the
incident and reflected waves. Propagation of the rarefaction wave leads to a
drop in pressure on the component from the value APcyrp to the value of the flow-
past pressure Apgr (see Fig. 61lc). The time from the beginning of reflection to
the beginning of establishment of the flow-past regime 6% 1is tentatively taken
as equal to the least of two values calculated from the formula

. 34/D¢:

%= gionp. | ¢2)
where h and b are characteristic dimensions determined in conforumity with
Fig. 66; and D¢ is the velocity of propagation of the shock wave front.

In case an easily collapsed superstructure is built above a shelter, dimension h
should be taken equal to the height of the portion of the shelter wall rising
above ground level.

The propagation velocity of the shock front is determined from the formula
Dy = 340 V1 +0,83App. (33)
Table 11 gives values of DqJ depending on Ap¢.

In the flow-past phase loads on shelter components rising above ground level
form from static pressure (overpressure) in the wave and dynamic pressure
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- Fig. 65. Chart for determining pressure of
reflection of air shock wave

Q) T .

Fig. 66. Schematics for determining
dimensions affecting flow-past time

a -- Built-in shelter
b -- Shock wave flow-past of cap
h -~ Distance from earth's surface to
window opening (height of cap)
b -- Length of building side turned to
blast
- 1 -~ Length of building side (cap)
situated in direction of shock wave
= movement

(from the velocity head) arising as a result of retardation of the flow. The
maximum amount of flow-past pressure is approximately half the reflective
pressure: BPogr = 0,50pgzp. (39)
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Table 11 - Propagation Velocities of Air
Shock Wave Front

Bpg.xg/ms 10,05 [ 0,1 |03 05| 1 |1,5] 2 |25)3
1

Dy, m/sed 347 | 354 | 380 [ 404 | 460 | 510 | 655 | 596 | 635

0,2n

With a flow-past time 'OI < it is permissible (for the purpose of simpli-
fying calculations) to ignore the momentary reflected pressure impulse in the
diffraction phase and take the maximum load on the component as equal to flow-
past pressure from the formula 30(3) of SN 405-70, in which the second term on
the right side determines the load from the velocity head.

Example. The outer walls of a built-in shelter with dimensions in a plan view
of 12 x 36 m rise 1 m above ground level. The distance from ground level to the
bottom of window openings in building walls is h = 2 m. The shelter is in the
action zone of an air shock wave from the explosionof GDS (see Appendix 4).

; Pressure in the front and the effective action time of the passing shock wave

? equal: App =1,35kg /om3;

i 0=0,258 sec.

The requirement is to determine parameters of the dynamic load on the outer walls
- of a shelter rising above ground level,

According to formula (31), the maximum load from reflected pressure equals:
6.1,35%
—9. BT 3
APorp =2 "35+I,35+7,2 3,98 kg /ou
with the velocity of the shock wave front determined by the formula
Dy =340 V 14 0,83-1,35 = 495 M/gec
The least value of flow-past time from formula (32) will be (with the charac-
teristic dimension h = 2 m)
. 32
9 =—=0,012 sec.
i 17 495

- A change in the load in time is represented in the chart in Fig. 6lc.

3.9. The dynamic load pg on the continuous foundation plate (Fig. 59(2)f)
arising as a result of soil resistance should be taken equal to the pressure at
the front of the shock wave Ap.

For Paragraph 3.9. As a result of the load's effect on the structure's cover,
it begins to shift in the soil and stresses arise in the foundation hindering a
shift of the structure. The maximum dynamic load on the base of the foundation
arising from soil resistance can be determined from the formulas derived from an
examination of a unidimensional soil movement with the structure located therein
as a rigid body:

B For freestanding shelters , . _ Tf:%‘;k—o- korp Im @
’ n i

(35)
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F ilt- helt A
or built-in shelters P P::x o,, (36)
where Ay and are the acoustic resistances of the cushioning layer of soil

above the cover (index "m") and beneath the foundation (index "¢"), expressed
by the formula A = aip (in which a, is the propagation velocity of the elastico-
plastic compression wave in the soil and p is soil density);
k;,p is the coefficient of compression wave reflection from the
cover, determined from the chart in Fig. 63;
- 6, is the maximum pressure in the compression wave at the level
of the top of the cover;
Appae 18 the maximum pressure of the air shock wave on the cover of
a built-in shelter;
k¢=F0/Fi| is the ratio of area Fy of the base of foundation to the area
Fp of the structure cover;
- ¢; and ¢, are functions with values determined from the formula
tm—01 M

X
00 T (AnF oAg) O
. [ ( An'“d"j’,a - ) _ AntkpAy A
Wl om L . W

O =1—

——1t_]e m
(] 0—0; .
L o 37
+97~,et]' G371

The value of function ¢, is calculated from this same formula with Ayg = 0.
Formula (37) has the following notations:

8, is the time of load build-up on the cover to a maximum value (see paragraphs
3.5 and 3.6), in seconds;

0 1is the load action time (effective time) in seconds;

m, is the structure mass per square meter of foundation area (dimension [mc] -
kg-sec2/m3 with [A) - kg-sec/m3);

tp is the time of load build-up on the base of foundation, determined from the
formula

. An+k¢A¢ 0
- ome .9___‘1:11( — ' 38
: R I"[e; 5 \° o . (38)

which has the very same notations as in formulas (35)-(37). The computation of
ty for a built-in shelter is performed according to formula (38) with substitu-
tion therein of A;= 0.

Calculation of shelter components usually must be performed in several attempts.
For calculations inthe first approximation, the values of functions 91 and ¢, can
be determined from the simplified formula
Jdm— 0
*0—0; ' (39

The chart of a change in the load on the foundation base in time is depicted in
Fig. 6le, where the value 8; is numerically equal to tp in formula (38). The
load fall-off time 6, is taken as equal to the effective action time of the
shock wave.

Q= Oy= 11—
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Example 1. An air shock wave from the explosion of a gas-air mixture with
parameters App = 1.35 kg/cm and 6 = 0.258 seconds acts on a built-in Class III
shelter. The shelter mass per square meter of foundation area is m, =

350 kg-sec?/m® The soil under the solid foundation plate is loam with an undis-
turbed structure. It is necessary to determine the load on the foundation plate.

We take the coefflc:Lent kp=Fg/Fa=1. In accordance with Table 9, a1 = 350 m/sec,
= 170 kg-sec?/m*. The load build-up time on the cover is 6; = 0.06 sec (see
paragraphs 3.5 and 3.6). The acoustic resistance of soil under the foundation
plate is Ay = 170-35026°10* kg-sec/m®. Let us calculate m, 360 .
— == = 5,010 50
kyAp. 146100 - ‘
’Mulmsec’l
- m,
According to formula (38), the time for maximum build-up of the load on the

plate equals: 0,258 0,268—0,06 _170.0.00
-—-————-—_ 0082:(—(:-
1 = 0,06 + 0,0069 In (006 0,06 : )==

Function ¢, with Ay= 0 from formula (37) equals

0,82—0,06 0,005 (e_,,o,o'os 0,258
0,258—0,06 ' 0,06 0,258~o,o(s)><

0,06
—170(0,062—0, 06) O - -
X e +0,258—'—0,06 1—0,1t1 4
4-0,1[(0—1,3) 0,024 + 0,3] ~ 0,92,
From formula (39), ¢,20.89, i.e., the difference from the preceding value is
less than 4 percent. The maximum load on the foundation plate from formula (36)

equals: .
d Pimax = Ps = l—350 ,92 = 1,24 kg/em®,

(])’=I—-

Example 2. The load from a shock wave with bpgp = 1.35 kg/cm2 and an effective
action time 6 = 0.258 sec acts on a freestanding shelter with a layer of loam

1 m high above the overhead cover. The shelter mass from Example 1 is m, =

350 kg'secz/m". There is undisturbed loam beneath the shelter foundation. It is

necessary to determine the load on the solid foundation plate.

From Table 9, for filled loam: ap = 250 m/sec, a; = 150 m/sec, p = 160 kg-sec?/
m*; for undisturbed loam: a; = 350 m/sec, p = 170 kg-sec?/m"*. Maximum pressure

in the compression wave at the level of the cover is oy = App = 1.35 kg/cm?.
The time of load build-up on the cover to the maximum from formula (19) equals:
“1 150
- — = ec.,
& 150(' 250) 0,008 &

We compute the acoustic resistances: A = 160150 = 2,4.104 kg sec/m3;

Ap=170.350 =6.10¢ kg-sec/m3

and the values m 350 A+ A ’
e = 0,0042sec; 28 _o40 -1
Tt dy @At oo O =0gec
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From formula (38) time ty equals:y — 0,003+ 0,0042 In (0'—25{’ we—m-o.ma) —0.019s€C.

0,003~ 0,003

Function ¢; from formula (37) and (39) equals 0.94 and 0.937 respectively, i.e.,
it has practically identical values.

The reflection factor from the chart in Fig. 63 with values
Oml0s =1,35/1,6=0,9

ao/ay =260/160 = 1,7
will be k*oTp = 1.65. Then the maximum load on the foundation plate from formula
(35) equals: 6104 65,1 95.0 04 — .
Pmax = Ps = (2,4-}-6)!0‘ 1,65:1,35.0,94 = 1,6 kg /ems,
The time for build-up of this load is ty = 0.019 sec.

3.10. The dynamic horizontal load on walls at the location of entrances should
be determined depending on the entrancc type and be taken as equal to pressure
at the shock front multiplied by the coefficient kg in accordance with Table 5.

Table 12(5) - Coefficient kg, Considering Effect of Entrance Type

Entrance Type Coefficient kg
B From basements unprotected against shock wave 1

Through entrance with covered sector ' 1.2

Blind and other types 2.3

The amount of dynamic load on inner walls of airlock-sluices should be taken as
= 20 percent less than the dynamic load on entrance walls. -

For Paragraph 3.10. Loads on entrance elements (walls, airtight blast doors and
so on) basically depend on parameters (Apg and 8) of the passing shock wave,
entrance type and its orientation with respect to the blast center.

Values of coefficient kg equal to the ratio of maximum dynamic load at the
entrance (determined with consideration of previcus remarks) to pressure at the
front of the passing shock wave are given in Table 13. This coefficient deter-
mines the maximum horizontal dynamic load on sectors of external shelter walls at
entrances and on the first (outer) blast or airtight blast doors installed below,
in the fore airlocks.

The chart on the change in the load on outer walls and doors at entrances from
= first floor spaces, basements and stairwells based on time is taken from -
Fig. 61b with Apnp= 0 and a build-up time of 6;, determined based on shelter
class in conformity with recommendations for paragraphs 3.5 and 3.6. The load
chart is taken from Fig. 6la for the remaining entrance types indicated in
Table 13.
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Table 13 - Coefficient kp Values based on Entrance Type

kg with Shelter Class

Entrance Type . . v v II1 11
From first floor spaces and basements

unprotected against shock wave 1 1 1 1
From building stairwells (from the

street) 1.754¢ 2 2.2 2.5
Through entrance with covered sector

opposite entrance opening 1.4 1.25 1.12 1
Through entrance without covered sector 1.7 2 2 1.5

Inclined blind entrance without cap or
with light (destructib].e) cap 1.9 2.2 2.5 2.66

Dynamic load py on inner walls of airlocks and airtight doors arises as a result
of the shock wave flowing through possible leaks in outer parts of an entrance
and around the perimeter where the outer door contacts the door frame. Such
leaks are the results of concealed defects of construction and installation work
during the installation of inserts and outer door elements. The load on inner
airlock walls rises smoothly over a relatively long time until its maximum value
Pt and so is taken to be acting statically. The maximum value of py is deter-
mined from the curvesin Fig. 67, each of which correspond to a specific ratio
V/1. Values of the product of coefficient kg (see Table 13) and the amount of
pressure at the shock front are laid off along the abscissa axis.

, {N,dﬂ’) .
42 : By /Ity 20p)
py \, : . IRTT AR
42— ) \C : | Bva s\: an/fm;— -
g2— 742 -t Ut P NI [t~ )
\ N ? __\\\ - 10 .{—a
R N T \rj~
4\ T ~1 5
AN e YN TS
e NRNT :" s ey ~ - ‘g\:
I~ | >
a5 7 -y N
L A0
&S O ;
Plmsic === v S W At
[/ : Ky 8Pp kg /!
2 y 5 8 ngdpy kiyfem? R 100 kg/
Fig. 67. Chart for determining load Fig. 68. Chart for determining load
py on inner walls of airlocks and Pypr on inner walls of airlock-sluice
airtight doors (shutters): and on second airtight blast door
V ~- Airlock volume V -- Airlock-sluice volume, m®
1 -- Perimeter of airtight blast f -- Opening area for first
door opening airtight blast door, m?

1 -- Airtight door

2 —- Airtight blast door
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Dynamic load pyy on inner walls of an airlock-sluice and on the second airtight
a blast door of the sluice is determined from the condition of a possible flow of
- the shock wave through the open first airtight blast door at the moment the
airlock-sluice is being filled. The maximum amount of this load pyy; is found
~from the curves in Fig. 68, each of which correspond to a specific ratio Viualfup,
where Vypr is the volume of the airlock-sluice in n® and fnp is the area of the
opening in m?® for the first airtight blast door. The load chart is assumed to
have a linear increase until the maximum value of pypy in the time

Pun
[¢] :0(!—'f'—) 0
! ka Apo (40)
with a subsequent drop to zero in time 0, = 6 - 81 (see Fig. 6le).
Dynamic load on components covering entire cross section of a shaft or gallery

of an emergency exit is determined by multiplying the pressure at the shock
front by the coefficient given in Table 14.

Table 14 - Coefficient for Determining Loads on Components Located within
Emergency Exits

Coefficient with Shelter Class:
Component Location A v III II
In the shaft 1.8 1.8 1.65 1.63
Within a gallery 1.6 1.6 1.55 1.5

Note. Coefficient values were determined with the amount of clear opening area
- of louvered grids no less than the area of the shaft cross section.

Equivalent Static Loads

- 3.11. In determining the equivalent static load on shelter component elements,
consideration is given to the magnitude and character of the dynamic load,
plastic or elastic properties of materials, and conditions of the components'
work. Equivalent static load is determined from the formula Goxe = R Pn, (CHO
- where ky is the dynamic-response factor which takes account of a change in
dynamic load in time and its interaction with the component. kj must be deter-
mined from a computation in drawing up standard components; pp is the maximum
dynamic load determined in conformity with paragraphs 3.5-3.10.

For Paragraph 3.11. The effect of a shock wave on shelter component elements is
replaced in caculations by the effect of equivalent static loads which generate
in elements the very same deformations as the dynamic loads from a shock wave.

_ Equivalent static load is assumed to be evenly distributed and applied perpen-
dicular to the component surface. Its magnitude per unit surface area equals:

a. In determining bending moments ¢{)=

Taxp ke (42)

pmnx
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b. In determining cross forces @ B
_ Jsxn = p!nnx Q (43)
¢, In determining displacement (angles of rotation, deflections)
Ton = Prax Fni (44)

d. In determining longitudinal forces
Toxe = Imax Ry (45)
where pp.. is the maximum dynamic load; kns kqgs ky» kg are dynamic-response fac-
tors for corresponding stresses and displacements which take account of the
_ dynamic response of the load in conformity with the calculated limiting state.

The basic effect of the rate of deformation on strength properties of steels is
taken into account by the reinforcement factor, determined in conformity with
paragraphs 3.22-3.24,

The dynamic-response factor for longitudinal force Ky is taken to be equal to
unity for both cases of the limiting state (la and 1b) in calculating bending
components.

3.12. The magnitude of equivalent static load on bending elements and
eccentrically compressed elements with great eccentricity in reinforced concrete
components of overhead cover in computing them for bend and cross force should
be taken as equal to the dynamic load determined from Paragraph 3.5, multiplied
by the dynamic-response factor kr, which should be taken from Table 6 in the
calculation of supporting power for the bending moment for overhead cover ele-

ments depending on the component type and from that same Table 6 with a 10 per-
cent increase for freestanding shelters, but no more than KH = 2, in calculating
for cross force.
Table 15(6) - Dynamic~Response Factor k'u for Overhead Cover Elements
kg Factor for Spaces
Adaptable as Shelters
Free—-
Calculation State Class of Reinforced Steel Built-in standing
- For supporting power A-I, A-II, A-III. 1 1.2
) (Case 1la) A-IIv, A-IIv, A~-IV 1.2 1.4
; For supporing power A-I, A-II, A-III 1.2 1.8
(Case 1b) A-IIv, A-IIIv, A-IV 1.4 2

In determining the magnitude of longitudinal force for eccentrically compressed
,' elements of overhead cover, the equivalent static load should be taken as equal
‘ to the dynamic load determined from paragraphs 3.6, 3.7 and 3.8 of this section
with a dynamic-response factor ky = 1. .

For Paragraph 3.12. For calculating a component it is necessary to establish
the limiting state, the design schematic of the component, maximum dynamic load,
law for its change in time, and preliminary dimensions of element cross sections.
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Preliminary dimensions of element cross sections are assigned based on design
practice or are established by an approximate computation for equivalent static
load equal to the maximum dynamic load multiplied by the dynamic-response factor
taken from corresponding paragraphs of SN 405-70.

The methods for determining dynamic-response factors and performing the calcula-
tion for bend (strength check) of overhead cover elements for various arrange-
ments are set forth in Chapter 4.

A check of the resistance of overhead cover elements to a cross force in calcu-
lating for cases la and 1b is performed in conformity with Paragraph 3.37. The
cross force at the face of a support from a special load combination is deter-
mined from the formula
Qi = Qaxn + 1t kp Qers 46)

where Qup and Q. are the cross forces from the equivalent static load and

static load respectively;

k¢ is the factor which takes account of an increase in the con-
crete's strength in time; and
- ky is the hardening factor of concrete.

The calculated value of the cross force is found according to Paragraph 3.38.

3.13. In calculating the centrally and eccentrically compressed supports of
frames, columns and inner walls, the evenly distributed vertical equivalent
static load should be taken as equal to the dynamic load on the overhead covers
(according to Paragraph 3.5), multiplied by the dynamic-response factor ky which,
in conformity with Table 6, is equal to:

1-1.2 for built-in shelters;
1.2-1.4 for freestanding shelters.

The k; factor should be taken equal to 1.8 when freestanding shelters have a
Jfloor grade below the ground water level or when they are on a rock foundation.

For Paragraph 3.13. In determining the longitudinal force acting on centrally
and eccentrically compressed supports of frames, columns and inner walls, it is
recommended that the ratio of dynamic response ky to the vertical dynamic load
on the area from which the longitudinal force is accumulated be made equal to:

For built-in shelters ky= 1L (47)

For freestanding shelters with foundations located on several types of soil
and with the base grade above the ground water level, according to the chart
in Fig. 69 depending on parameters q; and r, computed from the formulas

al=apr¢ .
km (48)
- .
= r qlD

where a; is the propagation velocity of the elasticoplastic compression wave in
foundation soil, taken from Table 9;

103

FOR NWRFTCTAT. USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

where p is the foundation soil density;

F¢ is the area of the foundation base under a column (wall); for a wall Fy =
bD, where b is the distance between axes of beams (plates) resting on
walls;

D is the long side of the column foundation base or the width of the base
of a wall's continuous footing;
k is a factor equal to k = 2 for columns and k = 1 for walls;
m = mg + mg + mp,
| my is the mass of that part of the overhead cover from which the load on the
: column (wall) is accumulated;
i W, oy is the mass of the column (wall) and foundation beneath the column (wall)

respectively.
o TT] ===
5?,)50 e g o
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Fig. 69. Chart for determining dynamic
response factors for longitudinal force in a
column (wall) and beneath the foundation base

The strength calculation is performed by static methods according to appropriate
chapters of SNiP from the formula
Noxs + 1,2Ncr < N, (50)
and N, are the longitudinal forces from the equivalent static load
and static load;
1.2 is the hardening factor; and

Np is the limiting value of longitudinal force determined with

consideration of buckling. ’

where NaKB

3.14. The vertical equivalent static load on outer walls from the effects of a
shock wave on the overhead cover should be determined as pressure on supports
from the overhead cover with the action thereon of an equivalent static load
equal to 0.8p; and applied within span limits in the clear. In addition, con-
sideration is made for a load directly on the wall section equal to py, deter-
mined according to Paragraph 3.5, with kg = 1.
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In determining longitudinal force in masonry walls from the effects of a shock
wave on the overhead cover with a span of 2.5 m or less, a corrected span is
introduced in conformity with Table 7.

Table 16(7) - Corrected Spans of Overhead Cover

Actual, m 1 1.5 2 2.5
Corrected, m 1.5 1.8 2.2 2.5

The calculation for outer masonry walls (for Case la) which adjoin and do not
support overhead cover is performed for the longitudinal force from the load
directly on the wall's horizontal cross section and from the load from the
adjoining cover 1 m wide applied at a distance of 4 cm from the wall's inner
surface.

Note. In calculating outer walls consideration should be given to the fact that
longitudinal forces act simultaneously with the horizontal equivalent static load.

For Paragraph 3.14. The longitudinal force in outer walls reduces the tensile
forces arising from the wall's bending under a horizontal load. The magnitude of
the longitudinal force depends on inertial and compressive forces transmitted to
the wall from the overhead cover and foundation. The maximums of the bending
moment and compressive forces do not coincide in time and precise determination
of longitudinal force is rather difficult, since charts of the change in stress
in time must be constructed. The dynamic-response factor ky for longitudinal
force in outer walls loaded by the overhead cover is taken to be approximately
equal to 0.8 on the basis of calculations. ’

The vertical force arising from friction of the wall's upper end against
supporting components (overhead cover) is considered in the calculation of
longitudinal force in outer walls which adjoin but do not support overhead
covers.

3.15. The horizontal equivalent static load in calculating reinforced concrete
bending elements of outer walls and eccentrically compressed elements of outer
walls with great eccentricity should be taken as equal to the dynamic load

. determined in conformity with the schematic in Fig. 2 and in conformity with

- paragraphs 3.5-3.8, multiplied by the dynamic-response factor kg in the calcula-
tion for the bending moment in conformity with Table 8, and with an increase of
10 percent but no more than = 2, in the calculation for cross force in con-
formity with the same Table 8.

For Paragraph 3.15. A maximum dynamic load changing in time (see Fig. 6le) and
determined from formulas (24) and (27) acts on buried and embanked walls (see
Fig. 59(2)a, c, d). There is also a change in the load on walls adjoining base-
ment spaces unprotected against the shock wave [see Fig. 59(2)]. The build-up
time 8; of the load on buried and embanked walls is calculated from formula (19),
in which the value of x is taken equal to the distance from the earth's surface
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Table 17(8) - Dynamic-Response Factor kg for Elements of Quter Reinforced Con—
‘crete Walls

ky Factor for Walls

Buried and

Embanked [see| Not Embanked

Fig. 59 (2), [see Fig. 52
Calculation State Reinforced Steel Class a, b, c, d} (2) 4]
For bearing power A-I, A-II, A-III — 1 1.3
(Case la) A-ITv, A~IIIv, A-IV 1.2 1.5
For bearing power A-I, A-II, A-III 1.2% " 1.8
(Case 1b) A-IIv, A-IIiv, A-IV 1.4% 2

" *For walls in waterlogged soils (with h of ground water higher than 1 m from
the shelter floor)

to the middle of the wall, and for walls adjoining basement spaces it is deter-
mined in explanations to paragraphs 3.5 and 3.6. Such walls are calculated from
formulas applicable for calculating overhead cover components for a load analo~

gous in its character of changes in time, using the charts in Chapter 4 for
determining kM'

A load changing in time according to the chart of Fig. 6lc acts on unembanked
walls rising above the ground level [see Fig. 59(2)e]l. 1Its maximum value is
equal to the reflected pressure determined from formula (31) or from the chart
in Fig. 65. The flow-past time is calculated from formula (32).

Table 8 of SN 405-70 provides averaged values of the ratio of dynamic response
to the maximum load equal to &Beﬂ flow-past pressure (Apesr) for the case where
flow-past time is small 0; <+ , the reflected pressure impulse is not con~
sidered, and a change of the 18ad in time can be taken as analogous to the
chart of Fig. 6la, but with maximum pressure Aposr.
'\o'li‘ »

If the flow-past time is '~ & ' then the reflected pressure Zapulse in the
diffraction phase cannot be ignored and dynamic-response factors have to be
determined from the maximum dynamic load equal to the reflected pressure. 1In
the calculation for Case lb the dynamic-response factor is determined from the
chart in Fig. 70 depending on the ratio ®8; The calculation for Case la is
performed with the help of the chart in “on - figures 71-74 and the formulas
used for calculating overhead cover components (see Chapter 4).

« 10,2n
when "1"“T07 the calculation can be performed for a linearly reducing load
from a shock with maximum pressure equal to flow-past pressure to zero. The
chart and formulas of Chapter 4, applicable for calculating beams with appro-
priate end fastenings, are used here.
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Fig. 70. Chart for determining dynamic-
response factors in calculating unembanked
walls rising above ground level for Case lb
for a load with diffraction
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Fig. 71. Chart of the ratio of ky to ky

in calculating unembanked walls for Case la
with consideration of the effect of the rate
of deformation on strength properties of
reinforced steels

3.16. The horizontal equivalent static load on eccentrically compressed rein-
forced concrete walls with load eccentricity and on masonry walls should be
taken:
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ky in calculating unembanked walls for

Case la without consideration of the effect
of the rate of deformation on strength
properties of reinforced steels
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Fig. 73. Chart of dynamic-response factor
- values for bending moment (without consider-
ation of the hardening of reinforced steel)
for the limiting value of dynamic load
on unembanked walls

[For embanked walls and walls with adjoining basement spaces unprotected against
the shock wave——equal to the dynamic load in conformity with the schematic of
Fig. 59(2)a, b, c, d, determined from paragraphs 3.5-3.7 with ky = 1;
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B Fig. 74. Chart of dynamic-response factor
‘'values for bending moment (with considera-
tion of hardening of reinforced steel) for
the limiting value of dynamic loads
on unembanked walls

For unembanked walls and walls located below ground water level--equal to the
dynamic load (Fig. 59(2)f), determined from paragraphs 3.6 and 3.8 of this
section, multiplied by the dynamic-response factor kg = 1.8, and kg = 2 for
masonry walls without longitudinal reinforcement.

For Paragraph 3.16. The dynamic-response factors ky and kg for embanked walls
[see Fig. 59(2)a, ¢, d] and walls adjoining basement spaces unprotected against
a shock wave [see Fig. 59(2)b] can be determined from Paragraph 4.3 depending on
w8y and the ratio 6,/61; for walls in waterlogged soil use Paragraph 4.2; for
unembanked walls use the chart in Fig. 70 with

.. 0,21
0,> T‘(Pmax = Apyrp) and from Paragraph 4.2;

0,2n
o (Pmax == Bpatr)e

with 6:<

3.17. 1In calculating continuous footings and freestanding foundations, the ver-
tical equivalent static load should be taken to be the same as in determining
longitudinal forces in corresponding walls, columns and frame pillars.

In calculating solid foundation plates, the vertical equivalent static load
- should be taken equal to the dynamic load according to Paragraph 3.9, multi-
plied by the dynamic-response factor kj, equal to:

1, in the calculation for Case la;

1.2, in the calculation for Case 1b.
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In calculating pile foundations the vertical equivalent static load from a shock
wave should be taken equal to the dynamic load Ap acting on the overhead cover of
built-in shelters, with a dynamic-response factor kg =1, and kg = 1.2 for free-
standing shelters.

For Paragraph 3.17. 1In calculating continuous footings and freestanding founda-
tions for vertical load for freestanding shelters, the dynamic-response factor is
determined from the chart of Fig. 69 depending on the parameters q; and r, com-
puted from formulas (48) and (49).

_ 3.18. Emergency exit caps rising above ground level should be calculated for
the horizontal equivalent static load equal to the pressure at the shock front
multiplied by the dynamic-response factor kjp = 2.

3.19. The horizontal equivalent static load on outer walls at entrance locations
should be taken: as equal to the dynamic load determined in conformity with Para-
graph 3.10 multiplied by the dynamic-response factor kg = 1.2, at entrances from
spaces unprotected against a shock wave; and equal to the dynamic load determined
in conformity with Paragraph 3.10 multiplied by the dynamic-response factor Kﬂ =
1.8 for remaining entrances.

The horizontal equivalent static load on walls within a sluice should be taken
as equal to the dynamic load determined in conformity with Paragraph 3.10 of this
section, multiplied by the dynamic-response factor kg = 1.2.

For paragraphs 3.18 and 3.19. In determining horizontal equivalent static load
on outer walls and doors, dynamic-response factors can be determined:

. At entrances from spaces unprotected against a shock wave and from stairwells--
according to Paragraph 4.3, in the charts of which 6; is defined in the
= recommendations for paragraphs 3.5 and 3.6;

For remaining entrance types -- according to Paragraph 4.2.

The ratio of dynamic response to the load on inner walls of airlocks and air-
tight doors determined according to Fig. 67 is taken as equal to unity.

The ratio of dynamic response to a load on inner walls of a sluice and on the
second airtight blast door of a sluice determined from Fig. 68 is found from
the charts of Pharagraph 4.3 with 6; calculated from formula (40). The
fastenings, hinges and anchors of airtight blast doors and shutters are calcu-
lated for the equivalent static load from the rarefaction phase, taken as equal
to 0.25 kg/cm® for class 1II and III shelters, and 0.15 kg/cm? for class IV

and V shelters.

3.20. Walls of stairway descents and horizontal exposed sectors of shelter
entrances located above the highest ground water level are not calculated for
the effect of loads from a shock wave, but with shelters located in waterlogged

soil they are subject to calculation for bearing power for strength (Case la) for
loads in conformity with paragraphs 3.15 and 5.16 of these Instructions.
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Protective visors built above a through-type entrance in fromt of the first air-
tight blast door should be calculated for an equivalent force from a load applied
from below equal to the pressure at the shock front multiplied by a factor of 0.2,
In addition, protective covers should be checked by a calculation for the load
from collapse of components above them, equal to 3 tons-force/m?.

Covered sectors of entrances and entrance ramps as well as emergency exit
galleries chould be calculated both for the effect of the equivalent static load
from a shock wave in conformity with requirements of paragraphs 3.11-3.16 of
these Instructions, and for the joint effects of an equivalent static load from
the shock wave flowing past, equal to 1.6 App, with a dynamic-response factor
of kn = 1.3,

For Paragraph 3.20. In all instances, tbe walls of stairway descents and hori-
zontal exposed sectors of shelter entrances are checked by a calculation for the
joint effects of the load from the rarefaction phase, the value of which is taken
in conformity with recommendations for Paragraph 3.4, and the load from the
soil's own weight.

The equivalent static load on components (doors, shutters, antiblast devices)
located within emergency exit galleries is taken as equal to the dynamic load
(see explanation to Paragraph 3.10) with a dynamic-response factor determined
from the chart of Paragraph 4.2.

Sectors of emergency exit galleries extending from the shelter to airtight blast
doors, shutters or antiblast devices which prevent masses of air from the shock
wave from flowing within the galleries, are calculated only for external loads.

Sectors of emergency exit galleries extending from the caps to the airtight
blast doors, shutters or antiblast devices are designed based on a calculation
for two types of loading:

a. Only from without. The magnitude of loads on structural elements of a
gallery and the dynamic-response factors are determined by the methods
examined above in corresponding paragraphs;

b. Resultant loads from without and within. The load from the passing air
shock wave acts on gallery elements from within. It is determined by
multiplying the amount of pressure at the shock front by the factor in
conformity with Table l4. The dynamic-response factor for the resultant
load is taken as equal to unity. The load examined above acts from
without.

The external equivalent static load on galleries in the form of cylindrical and
air intake pipes of large cross sections is determined by multiplying the
external pressure transmitted through the soil by the dynamic-response factor,
which is equal to unity. The direction of pressure at any point on the pipe is
taken along a radius (Fig. 75). The law of the change in pressure on the cir-
cumference is taken as symmetrical with respect to the vertical and horizontal

diameters of the pipes Proy = max(k;_rpcosﬁa-i—kosin’a). (61)
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where o is the central angle read from the vertical
diameter;
Omax 18 the maximum pressure in the compression wave
at the level of the top of the pipe, determined
from formula (21);

k* is the reflection factor determined from the
chart of Fig. 63 in conformity with recommenda~
tions for paragraphs 3.5 and 3.6; and

kg, is the coefficient of lateral pressure.

Materials and Their Estimated Performance

3.21. Concrete for precast and monolithic reinforced
concrete components must conform to a design grade for
compressive strength of at least 200, and concrete for
columys and collar beams--at least 300.

Fig. 75. Schematic of Concrete blocks for walls should be specified with a
external loading of grade for compressive strength of at least 200, and
cylindrical pipe mortar for filling in joints of precast reinforced con~
crete components and for concrete block mascnry--a
grade of at least 100.

Materials with design grades for compressive strength no lower than 100 for bricks,
150 for quarrystone and 50 for masonry mortar should be used in masonry and rein-
forced masonry components.

For Paragraph 3.21. Grade 100 concrete can be used for secondary components (sub-
floors, sublayer for external flights of stairs, fixed ramps and so on). The use
of light concretes with a grade no lower than 100 is authorized for internal shel-
ter components (inner walls or walls bearing a small vertical load).

3.22. The calculated dynamic resistances of concrete and masonry work in com-
ponents should be taken as equal to the calculated resistances in accordance with
SNiP chapters II-B.1-62* and II-B.2-71, multiplied by the dynamic hardening
factor ky = 1.2,

: In calculating the cross sections of reinforced concrete and concrete shelter com-
! ponents, consideration must be given to an increase in the strength of concrete

i depending on hardening periods. The factor k¢ should be taken as equal to 1.25

. for ordinary cements.

The calculated dynamic shear strength of concretes Ry should be taken as equal to
the prism strength of concrete Rpp multiplied by a faltor of 0.25.

Calculated resistances for heavy concrete and values of its initial modulus of
elasticity and of calculated dynamic shear strength are given in Table 18(9).

For Paragraph 3.22. The coefficient of dynamic hardening of concrete and masonry
materials (k, = 1.2), which takes account of an increase in strength characteris-
tics of materials with high strain rates, is introduced in calculating components
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Table 18(9) - Calculated Resistances of Concrete in Reinforced Concrete Components
in Structural Design

Calculated Resistance of Concrete, kg/cmz,
in Design Grade of Concrete for Compres-
sive Strength

Stressed State Symbol 200 300 400 500 600
Axial compression (prism

strength) Rp 80 130 170 200 230
Bending compression Ry 100 160 210 250 280
Axial tension Rp 7.2 10.5 12.5 14 15

Shear (with consideration
of dynamic hardening) 0.25Rnp
20 30 40 50 60

Initial modulus of

elasticity of compression Eg 2.65-105 | 3.1-10° | 3.5:10%| 3.8-10% | 4-10°

for a special load combination and for the effect of inertial forces. Increased
strength characteristics of materials are provided for in all types of stressed
states of components. The calculated dynamic shear strength of concrete ( ),
determined from Table 18(9), is used in calculating foundations for puncturing, in
determining the dimensions of capitals of girderless overhead cover, and in check-
ing for shear stresses at places where monolithic reinforced concrete is connected
with precast concrete in the precast-monolithic components of overhead cover.

An increase in strength characteristics of concrete by time through the introduc-
tion of the coefficient ky = 1.25 must be considered in calculating shelter com-
ponents made of heavy concrete and reinforced concrete for the special combination
of loads. An increase in the strength of concrete by time is not considered in
the protective components of shelters (walls, foundation plates) located below
ground water level.

3.23. The "Instructions for Use of Reinforcing Rods in Reinforced Concrete Com-
ponents" (SN 390-69) should be used as a guide in designing reinforced concrete
components.

Reinforcing steels having higher plastic properties, of classes A-II and A-III,
should be used as working reinforcements of unstressed reinforced concrete com-
ponents.

The work condition factor m, = 1.1 should be used in the bending calculation for
the steels indicated. Other classes of steel may be used with observance of
requirements of Paragraph 3.45.

Reinforced steels of classes A-IV and A-V, steels strengthened by elongation in
classes A-IIv and A-IIIv, and heat strengthened steels of classes At-IV and At-V
should be used in prestressed components with appropriate substantiation and
observance of requirements of Paragraph 3.45.
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Class A-I reinforced steel should be used as structural and installation rein-
forcement.

For Paragraph 3.23. It is permissible to use reinforced steels of classes A-IV,
A-V, A-IIv, A-IIIv, At—IV and At-V as working reinforcement for unstressed rein-
forced concrete shelter components calculated for Case lb. The work condition
factor m, for these steels is taken to be equal to unity.

In designing components for limiting states, the conditions precluding their
onset are considered by introducing three types of design factors: degree of uni-
formity of material, work conditions and the load factor.

To guarantee fulfillment of the condition R>0 in a certain requisite number of
- cases, where R is the ultimate strength of the material and ¢ is the actual stress,
the calculations use the lesser values of material resistances and greater values
of loads. With a load factor equal to unity (see Paragraph 3.3), simultaneous use
of the degree of uniformity and work conditions factor (the values of which are
less than unity) in determining design resistance leads to a situation where the
probability of the onset of the limiting state becomes extremely low. A limiting
state does not mean failure of a component, but merely the assumption of certain
amounts of strain. Shelter protective components are designed for a one-time or
two~time effect of the load from a shock wave having a clear-cut random character,
and so the design of these components based on design resistances, the values of
which are determined in SNiP by the method presented above, will lead to an
excessive safety factor. It is advisable to design shelter protective components
based on resistances of materials approaching standard resistances, the values of
which are defined in SNiP with a lesser safety characteristic (number of
standards) than design resistances. Therefore as a first step in calculating
steels of classes A-II and A-III for bending, a supplementary work conditions
factor my = 1.1 is introduced, by which the design resistance of steel is multi-
plied.

3.24. 1In the calculation for a special combination of loads, the calculated
dynamic resistances of reinforcement (R,) of the components should be designated
with consideration of the hardening of steel at high strain rates and be taken as
equal to: for elongated longitudinal reinforcement, lateral reinforcement and
recurved reinforcement, in the bending calculation for diagonal cross sections,
equal to design resistances of reinforcement (R,) in conformity witn Table 11,
multiplied by the dynamic hardening factor (k,), depending on the class of steel
and frequency of the components' natural oscillation in conformity with Table 10;

Blongated lateral ard recurved reinforcement, in calculating for lateral force--equal
to design resistances of reinforcement (R,x) in accordance with Table 11, multi-
plied by the hardening factor in conformity with Table 10;

For compressed reinforcement--equal to design resistances of reinforcement (Rgc)
in ~onformity with Table 11 with ky = 1.

The design resistances of reinforcement in the structural design, the modulus of
elasticity and relative elongation at fractureare given in Table 11.
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Table 19(10) - Dynamic Hardening Factor of Reinforced Steel ky

ky Factor for Shelters

- Built-In Freestanding with Frequency of Natural

Regardless of Oscillation of Components w, l/second
Frequency of

Type and Class of Natural Oscil- 2> 30 100 300 1000

Reinforced Steel lation

Hot-rolled steel rod,

classes A-I, A-II,

A-III 1.35 1.2 1.25 1.3 1.4 1.5

Notes: 1. For intermediate values of w, the value ky is determined by linear

interpolation.
2. TFor other types and classes of reinforced steel: = 1 for hot-rolled

steel of class A-IV and A-V, and for stretch-strengthened and heat-
strengthened steels

For Paragraph 3.24. The calculated dynamic resistances of reinforcement Ry of
shelter components are determined from the formula
Ry == makyR, (52)
where m, is the work conditions factor;
ky is the hardening factor considering increased reinforcement resistance
with dynamic loading (high-speed deformation);
R represents design resistances of reinforcement with static loading taken
in conformity with SNiP Chapter II-B.1-62* and Table 20(11).

The dynamic hardening factor for stretched reinforcement from class A-I, A-II and
A-III steels in bending elements is determined based on the lowest frequency
w, rad/sec, of natural oscillation of the component according to the formula

by =o/", (53)
The ky factor also may be determined according to the chart in Fig. 76.

For compressed reinforcement of all classes of steels, ky = 1.

High-carbon steels, high-tensile alloyed steels and heat-hardened steel have low
- sensitivity to strain rate and so ky = 1 for reinforced steels of classes A-IIv,

A-IIIv, A-IV, A-V, At-IV and At-V.

In designing centrally and eccentrically compressed reinforced concrete shelter

components, Class A-II steel is recommended for use as reinforcement installed in

the compression zone.

3.25. Welded connections of reinforcement should be made in accordance with

requirements of "Instructions for Welding Reinforcement Connections and Inserts
of Reinforced Concrete Components" (SN 393-69).
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Table 20(11) - Design Resistances of Reinforcement in the Structural Design

Design Resistance of Reinforcement, kg/r:m2

Stretched Compressed
Longitudinal, | Lateral and
o Lateral and Recurved with
Recurved with | Calculation R Yodulus | Rela
| . ac of Elas-| tive
Bending Calcu-{ for Lateral
! . . . ticity Elonga-
: Designation and lation for Force R
. X ax E,» tion at
i Class of Rein- Inclined Cross ka Jen? Rupture
! forced Steels Section R & Sy
: a 85, %
1 Hot-Rolled Reinforced Steel
1 Class A-I Smooth 2100 1700 2100 2.1x 25
i 10
Periodic Section Class:
. A-TI 2700 2150 2700 2.1x 25-19
_ 106
A~III 3400 2700 3400 2.10° 14
; A-IV 5100 4100 3500 2.10° 6
A-V 6400 5100 3600 1.9}81 7
10

Stretch-Hardened Reinforced Steel

Periodic Section Class:

A-IIv 3250 2600 2700 2.1x 8
108
A-IIIv 4000 3200 3400 2-10° 6

Heat-Strengthened Reinforced Steel

| Periodic Section Class:

At-IV 5100 4100 3600 1.9x 8
108

At-V 6400 5100 3600 1.9x 7
108

In the elongated zone of elements it is recommended that welded joints be staggered,
but no nearer than 50 cm from each other and not in places of greatest stresses.

The following types of welding should be used for butt joints of working rein-
- forcing rods up to 32 mm in diameter of classes A-I, A-II and A-III: pressure
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Fig. 76. Chart for determining dynamic harden-
ing factor of reinforced steels, classes A-I,
A-11 and A-I1II

contact butt welding, multilayer arc welding on steel liners, multi-electrode vat
arc welding on compound steel linings, and vat welding in stock copper form.

When welding working reinforcing rods by other methods or under other conditions
of placement, the following work conditions factors should be introduced:

m = 0.95 when using butt joints by arc welding with round straps made of class
A-I, A-II and A-III reinforcement;

m = 0.9 with the placement of reinforcement joints in cross sections where the
bending moment exceeds 90 percent of the maximum design value.

In case arc welding is used for connecting the intersecting rods of reinforcement
cages, the design value of relative strain of working reinforcements made of class

A-I, A-II and A-III steels must be taken as g,=0,2emp in conformity with Paragraph
3.45.

3.26. The calculated dynamic resistance for rolled sheet and sectional steel in
components should be taken as equal to the design resistances in conformity with
SNiP Chapter II-B.3-72 entitled "Steel Components: Design Standards," multiplied
by the following factors: dynamic hardening ky = 1.4 and work conditions m = 1.1,

For paragraphs 3.25 and 3.26. Material to be used for steel components should be
carbon open-hearth steels of ordinary quality, grades VMSt3sp and VMSt3ps, supplied
according to mechanical properties and with supplementary requirements for chemical
composition for group V GOST 380-60.

In calculating bending metal components for a special combination of loads, the

limiting moment of internal forces in sectional beams of constant cross section
can be determined from the formula

Mappex = Ry mW1, (54)
where R, is the design resistance of .steel established on the condition of the
metal having reached the flow limit (in conformity with SNiP II-B.3~72);

117

mA™ ATMTATAT TICR ANTY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2




APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

is the dynamic hardening factor equal to 1.4;
m is the work conditions factor equal to l.1; and
Wn is the plastic moment of resistance equal to twice the static moment of
half the sectionl area of the relative axis passing through the section's center
of gravity. For rolled H-beams and channel steel,Wn=1,12 W, with bending in the
wall plane and Wn=1,2W with bending parallel to flanges.

3.27. 1In the calculation for a special load combination, standard pressures on
nonrocky soils of a base should be taken as equal to the standard pressures on
soils in conformity with SNiP Chapter II-B.1-62%, multiplied by the dynamic hard-
ening coefficient ky = 5, but no greater than 15 kg/cm?.

3.28. Design resistances of bases of rocky soils should be taken as equal to the
ultimate resistances of samples of rocky soil for axial compression in a water-
logged state, multiplied by the dynamic hardening factor ky = 1,3.

Basic Design Provisions

3.29. Calculation of components for a special load combination should be performed
N in conformity with SNiP Chapter II-A.10-71 "Construction Components and Founda-
tions: Basic Design Provisions," for the first limiting state and for bearing
power for strength with consideration of the additional requirements set forth in
these Instructions.

3.30. Calculation of components made of ordinary reinforced concrete for the first
limiting state for strength should be performed with consideration of the plastic
properties of materials and the appearance of cracks in the concrete's elongated
zone.

The calculation of the strength of elements of reinforced concrete components for
sections perpendicular to the element's axis should be performed for the first
case, where failure may begin at the most stressed elongated side of the section;
the calculation is performed based on the following:

Resistance of elongated concrete is not considered and all tensile forces are
transmitted to the reinforcement with stresses therein equal to the design
resistance of the reinforcement to stretching, multiplied by the reinforcement's
dynamic hardening factor, considering an increase in mechanical characteristics
of reinforced steel at high rates of strainj;

The diagram of normal stresses in the compression zone of concrete is taken to
be right-angled, and the magnitude of stresses is taken for the corresponding
standards for designing concrete and reinforced concrete components with a
dynamic hardening factor of concrete at high rates of strain.

For paragraphs 3.29 and 3.30. At the present time the design of components of

s civilian and industrial structures for the effects of static and dynamic loads is
performed for limiting states. Momentary loads generated by the effects of a
blast wave are one of the varieties of dynamic loads and so all provisions of the
method of limiting states are applicable to the calculation for shelters.
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Special operating requirements may be placed on protective structures. One of them
is that a structure's components must withstand the one-time effect of a load with-
out failure. Great residual strains and displacements may arise which, in rein-
forced concrete and masonry components are accompanied by strongly developed
cracks. Stresses in component material at the most dangerous sections reach
limiting values near fracture values. Full use of the strength properties of
materials permits obtaining the most economic design decisions.
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I
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e
=]

-Yo . . Yn Yaas

Fig. 77. Bending moment diagram for reinforced
concrete beam

Mpp —- Limiting bending moment
M, -- Moment of internal stresses
y == Sag values

Fig. 77 depicts a typical moment diagram--the sag of bending reinforced concrete
components reinforced by low—carbon steel with a@yield area. The boundary between
stages I and II of the stressed state of the section corresponds to the appearance
of cracks in the concrete's elongated zone. The boundary between stages II and

- I1I (sag y,) corresponds to the beginning of yield in the stretched reinforcement,
and the boundary between stages III and IV (sag yp) corresponds to the beginning
of fracture of the concrete in the compression zone. The strain diagram character-
izes in stage IV the process of the compoment's fracture (a decrease in bearing
power) .

Theoretical studies indicate that under the effects of a momentary dynamic load, a
structure may function without collapsing even in the fracture stage (stage IV).
At the present time, however, there are no reliable component strain diagrams in
this stage of its performance. In comnection with this, in calculating components
for the effects of momentary dynamic loads, the attainment of a limiting state
before full bearing power is characterized as the beginning of fracture of the
material's compression zone, i.e., for a reinforced concrete beam, by the attain-
ment of sag yp, corresponding to the end of stage III. Under this condition,

this limiting state coincides with the first limiting state for bearing power
(Case la), established in SNiP Chapter II-A.10-71l.

The methods used for designing structures for the first limiting state for the
effect of momentary loads take account of the performance of materials in the
plastic range. The fact that strength properties of a majority of materials
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depend on strain rate is an important feature having a substantial effect on a
component's performance. The development of plastic deformations and the increase
in strength of materials as a result of the effect of strain rate leads to a situa-
tion where, in a number of cases, a component withstands a dynamic load which
exceeds the critical static load.

The essence of the second operational requirement on components of protective
structures consists of increased strength requirements: A component must take the
repeated effects of momentary loads; no substantial residual strains should appear
in a component with the one-time effect of a load and all cracks should close after
the load's effect ends. Under a load's effect, cracks may develop in a component
(such as in the stretched zone of concrete of a reinforced concrete beam), with the
possible formation, after the cracks close, of insignificant residual strains which
; need not be taken into account.

In accordance with these requirements, the attaimnment of a limiting state is
characterized by the appearance of residual strains in the component material.
Inasmuch as slight residual strains nevertheless are permissible, this may be
termed the limiting state for the absence of large residual strains.

The attainment of this limiting state signifies that the component material is
reaching a stage of development of large plastic deformations (sag yo). Therefore
this limiting state also can be attributed to the first limiting state in accord-
ance with SNiP II-A.10-71. SN 405-70 calls it the first limiting state for bearing
power (Case 1b).

Necessary guarantee (reliability) of the appearance of limiting states is achieved
by introducing design resistances of materials.

3.31. The first limiting state of reinforced concrete bending elements and of
eccentrically compressed elements of components with great eccentricities is
characterized by the following calculated cases:

Case la —— Plastic deformation of stretched reinforcement is allowed;
6a=R, 05 < RY:

Cast lb —- Performance of reinforcement in elastic stage considered;
Ua< R‘;'y; 06 \< R;.

3.32. The limiting states for bearing power of rectilinear hinged-bearing bending
and eccentrically-compressed elements (first case) are characterized by the
quantity k--the ratio of full deflection of components in the accepted limiting
state (ymp) to the quantity of elastic deflection of the component (y,):

| = Yo

y k= 5 [55(5)1]
lFull deflection of components should be taken as 1/750 in the Case la calculation;
1/2007 in the Case lb calculation (I is the effective span of the element deter-
mined in accordance with Paragraph 3.34).

In the calculation (Case la) assume k = 3. Elements of main bearing and protec-
tive components and emergency exit galleries are calculated for this state.
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The soil's passive resistance must be considered in calculating the walls of
galleries located in the soil for the joint effect of the equivalent static load
and the load from the passing shock wave.

In the calculation (Case 1b) assume k = 1. Elements of components in which the
appearance of residual strains (sags) after load removal is not admissible should
be calculated for this state. Components erected in waterlogged soils or sub-
jected to the effects of repeated dynamic loads from secondary factors should be
included among them.

In addition, prestressed components with reinforcement of classes A-IIv, A-IIIv,
A-IV, A-V, At-IV and At-V should be calculated for this state.

Note: The limiting states of nonsectional, arched and other components also can
be standardized by the values of relative deformation and angle opening in a hinge
of plasticity.

For paragraphs 3.31 and 3.32. The limiting state la of bending and eccentrically-
compressed reinforced concrete components with great eccentricity is attained as a
result of their performance in the plastic state, i.e., when the stretched rein-
forcement at the most stressed sections perpendicular to the longitudinal axis is
in a state of plastic flow. Cracks, which break the entire component up into
separate little deformed sectors, open up strongly in these sections and develop
along the elevation of a beam. The component appears in the form of a mechanism
of rigid elements connected by fixed hinges of plasticity in which concentrated
bending moments are applied. Attainment of the first limiting state is character-
ized by the beginning of fracture of the concrete in the compression zone in sec-
tions performing in the plastic stage at the moment the component achieves the
greatest displacements. It is assumed that the reinforcement possesses a suffi-
cient margin of plastic deformation and does not break until complete fracture of
the compressed concrete, and that the section is not over-reinforced, i.e., the
compressed concrete does not fracture until the beginning of the reinforcement's
yield.

Fracture along diagonal cracks from lateral force is very dangerous for reinforced
concrete components. For this reason, to prevent a large expansion of diagomal
cracks, it is advisable for the reinforcement receiving the lateral force to per-
form only in the elastic stage. This is ensured by a reduction in values of design
resistances and an increase in dynamic-response factors for lateral force.

Fracture of the compressed zone sets in at the moment when stresses of the concrete
reach ultimate compressive strength in bending. At this moment the deflection of
the component should be maximum and its rate of movement equal to zero.

The limiting state for strength (Case la) is standardized by the values of deforma-
tions which are so chosen that they can be found by a dynamic calculation of the
component and at the same time be convenient for experimental determination. The
crack opening angle in the hinge of plasticity introduced by A. A. Gvozdev is the
most convenient standardizing value for bending reinfcrced concrete elements. The
strength condition of a component in which n hinges of plasticity form has the
appearance Y<¥or, (=1,2,3,...,n, (56)
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where y; is the opening angle in the i-th hinge of plasticity obtained from the
dynamic calculation;
Y74 is the limiting opening angle in the i-th hinge of plasticity.

The value of the limiting opening angle Y depends on the relative height op of the
concrete's compression zone in the section with a crack during fracture equal to,
for a rectangular cross section, .

ap=—""p, (57)

where R, and Ry are design resistances of reinforcement and concrete given in
SNiP II-B.1-62%;
p is the reinforcement factor of relatively stretched reinforcement.
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Fig. 78. Chart for determining limiting open-
ing angle in hinge of plasticity i

. 8¢ Ro x
Sy=—— . Qg=—— W=7,
1 * =R, hy ‘
b where x is height of concrete's compression
) zone;

ho is the effective height of section;
p is the percent of reinforcement
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1)
Fig. 78 shows a chart of Yy depending on ap and the section characteristic &
constructed from empirical data. The values ap and sg should be determined from
design resistances of reinforcement and concrete given in SNiP II-B.1-62%, and
without consideration of compressed reinforcement F”,, since its effect on the
value Yy has not been studied. The chart in Fig. 78 is approximated by the rela-
tionship
0,003
%p
P =0,2 nps o < 0,02,

$p = 0,035+ npH op> 0,02; (58)

For rectilinear hinged-bearing beams with standardization of the limiting state
la by the value k -~ the ratio of sag from formula [55(5)] of SN 405-70, the
strength condition (56) is written in the form
Y < Ymax, (59)
where ¥ is the opening angle in the hinge of plasticity in the middle of the beam
span obtained from dynamic calculation;
Ymax is the maximum permissible opening angle in the hinge of plasticity, equal
to 5M,lk
max=Wc (60)

The value Ypax must not exceed Yy in formula (58).

In formula (60) My is the moment of stress in stretched reinforcement of a medium-
section beam with respect to the center of gravity of the concrete's compression
zone determined from the calculated dynamic resistance of the reinforcement

My = mq RS Flhy (1 —0.5a,) . (61)
The strength condition (59) is automatically fulfilled in determining the dynamic-
response factors for a hinged-bearing beam using formulas (99) and (100).

The calculation of bending reinforced concrete components for the limiting condi-
tion lb ensures performance of the component without permanent elongations of
stretched reinforcement. Attainment of this limiting state is characterized by
the beginning of the appearance of plastic deformations in the most stressed sec-
tions of the stretched reinforcement at the moment the component reaches the
greatest displacements. Here cracks (stage II of the stressed state of the sec-
tion, see Fig. 77) appear in the concrete's :tensile zone, but they close after
the load's action ceases. In calculating components without prestressing it is
usually possible to ignore stage I of their sections' performance (up to the
appearance of cracks in the concrete's tensile zone, i.e., the sections are
assumed to be performing only in stage II. Displacements and stresses are deter-
mined by conventional methods of the dynamics of elastic structures, and the
rigidity of component elements is determined for the most stressed section with
consideration for the appearance of cracks in the concrete's tensile zone.
Inasmuch as the components' stresses and displacements can be determined by cal-
culations, standardization of the limiting state lb is performed with the stresses:
at the moment maximum displacements are achieved, stresses in the stretched rein-
forcement of the most stressed sections reach the value of the dynamic flow limits.
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3.33, The determination of internal stresses in component elements (bending
moments, longitudinal and lateral forces) should be performed by the rules of
structural mechanics from equivalent static and other loads in accordancd with
demands of Paragraph 3.1 of these Instructions.

In the calculation (Case la) of statically indeterminate beam and frame components,
it is permissible to consider the redistribution of stresses between supports and
a span as a result of plastic deformations and crackexpansion. A reduction in the
bending moment on a support obtained from a calculation for equivalent static loads
must not exceed 50 percent for beams and 30 percent for slabs of the overhead cover
and foundation.

3.34, It is recommended that the effective span of a bending element be taken as:
The distance between centers of support areas for hinged-bearing elements;
The internal width for rigidly fixed elements;

The internal width multiplied by 1.05 for continuous components if the thickness
of supporting components is greater than 30 cm, or the distance between centers
of supporting components if their thickness is equal to or less than 30 cm. The
N effective length of compressed elements is taken to be equal to 0.7 times their
internal length for monolithic, precast-monolithic, and precast components with
joints covered and equal to the internal length for precast components without
joints covered.

3.35. To prevent the possibility of a fracture of the concrete's compression zone
in bending reinforced concrete elements before the component attains a given
limiting state for strength, the section characteristic must satisfy the condition
i/ S <t {226
where sy S, are the static moments respectively for the sectional area of the
concrete's compression zone determined with consideration of dynamic
design resistances, and of the entire effective section with respect
to the axis perpendicular to the plane of action of the bending
moment and passing through the point of application of resultant
stresses in the stretched reinforcement;
{ is the coefficient, the maximum value of which is taken from Table 12
for rectangular cross sections of bending and eccentrically compressed elements.

For rectangular cross sections condition [62(6)] can be presented as x < ¥npr. [63(7))
where x is the height of the compression zone determined from the formulas:

\ RY
x = ahg; a=p.l-;;'; f‘hp=uﬂpho: [64(8)]
n

onp is the coefficient taken from Table 12;
hy is the effective cross section height;
u is the reinforcement factor of stretched reinforcement, equal to o= Fs |
T bk’
RY, R} are the dynamic design resistances of the reinforcement under tension
and of the concrete to compression while bending respectively.
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- Table 21(12) - Values of Coefficients ¢ and %p

Coefficient Values for Design Grade of
. Calculated Concrete for Compressive Strength
State Coefficients 400 and below 500 600
For bearing z 0.6 0.5 0.45
power (Case la) % 0.4 0.3 0.26
For bearing z 0.8 0.7 0.65
power (Case 1b) op 0.5 0.45 0.4

13.36. For eccentrically compressed elements with rectangular cross sections,

instead of —n _’ﬁ we should take N—RYF,

y = —,
R wo=at— 5 [65(9)1

where N is the longitudinal force;
F’g is the sectional area of compressed reinforcement;
b is the sectional width of the concrete's compression zone;
ho is the effective height of cross section.

3.37. For reinforced concrete elements with rectangular, T, H, and box section, in
cases where the crack expansionwidth is not standardized, the conditionQ < 0,35R} bk, [66(10)]
must be satisfied and, in remaining cases, in accordance with Paragraph 7.25 of

SNiP Chapter II-B.1-62%

- Q < 0,25RY, bhy, [67(11)]
where Q is the transverse force from the equivalent static load.

For Paragraph 3.37. Condition [66(10)] is used for checking bending reinforced
concrete shelter elements calculated for Case la.

In checking the cross section, the limiting value of transverse force Q is deter-
mined at the margin of an element's support only from the effect of the equivalent
static load.

if condition [66(10)] is not observed, then there must be an increase in the size
of cross section or in the grade of concrete.

3.38. In calculating bending elements of components for diagoral cross section,

the calculated value of lateral force from the equivalent static load and the
element's dead weight should be determined with consideration of that portion of

the load applied to the element within limits of the length of the diagonal sec~
tion's projection and reducing the value of the lateral force (if this load is not
applied within limits of the element's height). The amount of load from the effects
of the shock wave within limits of the diagonal section should be taken as 0.8 of
the dynamic load (pp), determined from paragraphs 3.5-3.10 without consideration of
the dynamic-response factor, and from dead weight with a factor of 0.5.
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For Paragraph 3.38. In reinforced concrete bending components with a solid
as well as a T section with the flange in the compression zone, it is permissible
to teduce the calculated value of lateral force Q, from the effects of the
equivalent static, permanent, and temporary long-acting load. It can be deter-
mined from the following formula:
Qp = Q— 0,8pmax 6Co — 0,6qc1 6C,. (68)
where Q is the lateral force on the support, determined in the calculation for a
special load combination from formula (46);
Pmax is the maximum value of dynamic load;
Qc¢ is the sum of the permanent and temporary long-acting load;
b is the width of load collection on the calculated component;
Co is the projection length of the nonoptimum diagonal section on the element's
longitudinal axis, determined in conformity with Paragraph 7.32 of SNiP II-B.1-62%.

3.39. Eccentrically compressed reinforced concrete elements are calculated:

For the first case, corresponding to relatively high eccentricities, if condition
[62(6(] is satisfied;

For the second case, corresponding to relatively low eccentricities, if [62(6)]
is not satisfied.

3.40. The calculation of cross sections for bending and eccentrically compressed
(for the first case) elements of precast—monolithic components is performed in the
very same manner as for monolithic components. The effective height of cross sec-
tions should be taken with inclusion of the height of precast elements.

In precast-monolithic reinforced concrete components, a connection must be provided
between precast elements and additionally placed concrete by roughing up the sur-
face of precast elements, installing tongues and by other methods. When precast

- elements are located in a compression zone, there must be a check for shear, and
the concrete's calculated resistance to shear along a joint should be taken:

Equal to 0.6 Ra with an unprocessed surface of precast elements;

_ Equal to 0.8 Ra, with a processed surface (for a '"shuba'" or tongues).

For receiving a transverse force on supports, additional structural decisions must
be provided which ensure the joint performance of monolithic and precast rein-

forced concrete. It is advisable to leave gaps between precast elcments to be
covered over after placing therein calculated reinforcement for lateral force.

The work condition factor m = 0.9 is introduced in calculating cross sections of
precast-monolithic components, both compressed and eccentrically compressed
(Case la).

For paragraphs 3.39 and 3.40. In precast-monolithic bending components, joint
performance of precast elements and of monolithic concrete is ensured in those
instances where shearing stresses along the contact surface T determined from the
formula (69)

= 0,96k, *
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will not exceed limiting values of T found from the expression
[x) = 0,25Rnp Enoe» (70)
- where Q is the lateral force in the given section of the element determined from
the condition of the calculation for a special load combination;
b is the effective width of the element;
ho is the effective height of cross section;

Rpp 1is the prism strength of concrete with axial compression; )

kpop 1s a factor taking account of the degree of surface roughness of the precast
element and equal to 0.45 for a smooth (even) surface; 0.60 for a natural (rough)
surface; 0.68 in the presence of local depressions (15 x 15 x 10 mm) with a spacing
of 10 x 10 cm; and 0.8 with embedding of crushed rock 20-40 mm in size every
5-7 cm in freshly placed concrete of a precast element.

If v>[1], then provisions must be made for projections of reinforcement out of

the precast element into the monolithic concrete layer perpendicular to the surface
and in an amount determined by the calculation for lateral force. The surface of
precast elements must be clean and not contaminated by various kinds of oils.

In precast-monolithic bending slabs (panels), lateral reinforcement in the cross
section may be installed in the precast element and in intervals especially left
between them. The calculation takes account only of those lateral reinforcing rods
of precast elements which are intersected by a diagonalcrack and have sufficient
anchoring in the concrete. In this regard it is advisable to provide for a layer

of monolithic concrete of minimum thickness based on the possibility of locating
effective reinforcement above the support in it and the convenience of accomplishing
the work. The minimum thickness of a layer of monolithic concrete placed on slabs
(panels) can be taken as equal to 10 cm.

In all cases, projections of lateral reinforcement into the layer of monolithic
concrete are arranged in precast-monolithic bending collar beams. Reinforcement i
area is determined by the calculation for lateral force. i

Components of precast elements in precast-monolithic overhead cover must be checked i
by the calculation for the effect of the weight of freshly placed concrete and f
other loads arising in the protess of erecting a protective structure. '
In precast-monolithic components performing with axial or eccentric compression,

provisions must be made for measures to increase the cohesion of precast elements

with the monolithic concrete. To this end it is recommended that precast elements

with a T-section be used with flanges oriented in the direction of the monolithic

concrete. With flat precast elements, projections of lateral reinforcement into

the monolithic concrete should be provided based on a figure of at least 5 em?/

1 m? of surface.

3.41. The minimum cross sectional area of longitudinal reinforcement is taken in
accordance with requirements of Paragraph 12.13 of SNiP Chapter II-B.1-62%,

The optimum percentage of reinforcement for bending and eccentrically compressed
reinforced concrete elements is determined by calculation. For reinforced con-
crete bending elements and eccentrically compressed elements of beam and frame
components, it is recommended that the reinforcement percentage be taken with
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RY
consideration of the value a==p ——, set at a = 0.25-0.35 for monolithic components
and a = 0.3-0.4 for the Ry  precast components.

For Paragraph 3.41. A nomogram (see Appendix 6) may be used to determine the
optimum percentage of reinforcement for bending precast and precast-monolithic
- reinforced concrete components.

13 42. 1In bending reinforced concrete elements with effective longitudinal rein-
‘forcement only in the tensile zone, 1ong1tudinal reinforcement is placed in the
|compression zone in an amount no less than F;=0,0015bk,.

3.43. The natural oscillation frequencies w of components are determined from
reference data. A frequency is taken corresponding to the form of oscillations
which most closely coincide with the elastic line from a static load numerically
equal to the dynamic load.

The rigidity of reinforced concrete elements is taken with consideration of crack
expansion in theconcrete's tensile zone, and the weight of soil fill is considered
for overhead cover.

For paragraphs 3.42 and 3.43. The total (own and associated) masses and flexural
rigidities of component elements must be calculated and appropriate design
arrangements chosen for a determination of natural oscillation frequencies.

The total mass of an element is determined by dividing all static loads
(distributed and concentrated) having weight and actually acting on it by the
acceleration of gravity. Static loads without weight (reactions of springs,
pressure of gases, frictional forces and so on) are not considered in determining
masses. Dynamic loads have no effect on natural oscillation frequencies and are
not taken into account in determining them. Of the static service weight loads,
only the most probable and long-acting are considered (weight of equipment, raw
materials, finished products, embankment by a layer up to 1 m and so on). When
the cover is banked by a layer of soil of more than 1 m, the mass of soil is not
considered. Random and momentary static loads (episodic crowds of people in a
production space, repair loads and so on) are not considered.

The distribution of masses over an element of the overhead cover is taken in con-
formity with the actual diagram of the transfer of static loads to the element.

Cyclic natural oscillation frequencies w for the most frequently encountered
shelter components may be determined from the following formulas:

For single~span ond multispan continuous beams with equal spans
. : ]
=21/ L, (71)
I m
where B is the rigidity at the center of the beam's span;

m is the linear mass of the beam determined from the formula

- ms=—=7;

(72)
qct is the sum of linear permanent and temporary long-acting loads;
g is the acceleration of gravity;
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: o? is the square of the frequency factor equal to:

a. For single-span beams:

With two hinged-bearing ends —— 9.87;
With one hinged and a second fixed end -- 15.42;
With two fixed ends -~ 22.37;
b. For continuous equal-span beams with end swing supports;

With two spans -- 15.4;

With three spans -- 18.5;

With four spans -- 19.9;

With five or more spans —-- 20.7;

For single-span slabs hinged-bearing around the perimeter:még,w(.'__,._'_)_‘/ LA
m

£ 4
where 1; and 1, are the sides of a rectangular slab;
D is the cylindrical rigidity of the slab determined from the formula
20— 11,6 " (74)
Eg is the initial modulus of elasticity of the concrete;
h is the slab height;
; v is the Poisson's ratio;
m is the mass per unit area of the slab.

For single-span rectangular slabs fixed along the perimeter:
22,37 : L ‘/ D (75) _
0="7 ]/-1+o.605—lg-+—lg— .
1, and 1; are the sides of a rectangular slab, and 11>lz.

The natural oscillation frequencies of components not included in the above list

may be determined according to available reference data (see "Instructions for
_ Calculating Overhead Cover for Transient Loads," Moscow, Stroyizdat, 1966;

"Theoretical Design Reference for the Designer," Moscow, Stroyizdat, 1960).

3.44. The rigidity of bending reinforced concrete elements with consideration of
crack expansion in the concrete's tensile zone may be determined from Paragraph 9.7
of SNiP Chapter II-B.1-62* from the formula

B =0,8E, F.(ﬁo—x)(h.——;-)-. [76(12)]

where E, is the reinforcement's modulus of elasticity;
x is the height of the concrete's compression zone determined from formula
64(8).

For Paragraph 3.44. 1In substituting in the formulas of Paragraph 9.7 of SNiP
I1I-B.1-62% the values corresponding to the momentary effect of a load, the
following expression is obtained for determining rigidity of rectangular and T -
sections with a flange in the compression zone and with xs;hm

. 1—0,68
1 ’
B=E,Flh +l,8np' ' (77)

vhere E, is the reinforcement's modulus of elasticity;
F, is the area of the stretched reinforcement;
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. hy is the effective height of the cross section;
u is the coefficient of reinforcement;
n= L is the ratio of the initial moduli of elasticity of the reinforcement and
Eg concrete;
and
¢ is the relative height of the compression zone of concrete in the section
with the crack; T
f=—m,

1
1'8+W (78)

The value of the reinforcement factor entering into the formulas for T-sections is
equal to: "Fa
".? bnh" (79)

where by is the effective width of the T-beam flange.
Table 22 provides the values of coefficients for calculating rigidity from formula

(77) with different classes of reinforced steel and grades of concrete depending
on reinforcement percentage. The table uses the notation

l—ovsg
b= 1,8np
<11tr*€—

3.5, Figuring bending and eccentrically compressed elements with consideration of
plastic deformation of the reinforcement (Case la), it 1s necessary to ensure
observance of the condition which precludes the possibility of the reinforcement
fracturing in the calculation sections at the moment the component attains the
calculated limiting state: <0,68np,

[ R np [80(13)]

where €, is the relative strain of stretched reinforcement corresponding to the
calculated limiting state;
€ 1s the general relative elongation with fracture of the reinforcement;
taken to be equal to §s in accordance with Table 11.

For bending and eccentrically compressed elements, the vzlue e, is determined from
the formula . kj
ea=ea—k_:"

[81(14)]

where %;and k”are values corresponding to the beginning of fracture of the con-
crete's compression zone taken from Table 13,

3.46. When using prestressed components, the calculated breaking moment must be
greater than the moment of crack formation in the component, but no less than by
25 percent. Prestressed components in which the reinforcement has no cohesion
with the concrete are not authorized for use in shelters.

For paragraphs 3.45 and 3.46. 1In condition 80(13), 0.6 is the assurance factor
for a greater guarantee against reinforcement fracture, and it should be used for
important civil defense structures. To obtain economic decisions in mass civil
defense structures, it is advisable to require observance of the condition

s; < Bppr (82)
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Table 22 - Coefficient Values for Calculating Rigidity of Bending Elements of

Continuous Rectangular Sections and a Section with Rectangular Compression Zone

Concrete Grade

». % 200 &” 400 500 » %
1-05¢ B 1058 B 10,58 8. 1-0,5% 1-05% [
1 2 3 4 6. 7 8 9 10 1l 12
a) Reinforcement of Class A-I steels
0,5 0,885 0,676 *| 0,896 0,695 0,903 0,707! 0,908 0,715 0,914 0,725 0,5
0,6 0,872 | 0,654 0,883 0,674 0,891 0,687 0,896 0,697 0,903 0,707 0,6
0,7 0,861 | 0,634 0,873 0,655, 0,830 0,669 0,386 0,679 0,893 0,690 0,7
0,8 0,82 ! 0,615 0,86% 0,638 0,871 0,652 0,877 0,663 0,884 0,675 0,8
0,9 0,844 | 0,598 0,855 0,622 0,863 0,637 0,869 0,648 0,876 0,660 0,9
1 0,837 | 0,538 0,848 0,607 0,856 0,623 0,862 0,635 0,868 0,647 1
1.1 0,831} 0,568 0,842 0,593 0,849 0,609 0,855 0,621 0,862 0,635 1,1
1,2 0,824 ( 0,555 | 0,836 0,580 0,843 0,597 0,849 0,609 0,856 0,623 1,2
1,3 0,820 | 0,542 0,830 0,568 0,838 0,585 0,844 0,598 0,850 0,611 1,3
1,4 0,815 | 0,530 0,826 0,556 0,833 0,573 0,839 0,587 0,845 0,601 1,4
1,56 0,821 0,555 0,828 0,563 0,834 0,576 0,840 0,591 1,5
1,6 0,817 0,535 0,824 0,553 0,830 0,566 0,836 0,581 1,6
1,7 0,813 0,525 0,820 0,543 0,826 0,557 0,832 0,572 1,7
1,8 0,810 |, 0,516 0,817 0,534 0,822 0,548 0,828 0,563 1,8
1,9 | 0,807 0,507 0,813. | 0,525 0,819 0,539 0,825 ' 1,9
2 0,804 0,498 0,810 0,516 0,815 0,531t 0,821 0,546 2
2,1 0,801 0,490 0,807 0,508 0,812 0,523 0,818 0,538 2,1
2,2 0,798 | 0,482 | 0,85 | 0,500 | 0,810 | 0.515 | 0,815 | 0,531 | 2,2
2,3 0,796 0,474 0,802 0,493 0,807 0,508 0,813 0,523 2,3,
2,4 0,800 0,486 0,805 0,500 0,810 0,516 2,4
2,5 0,797 0,479 0,802 . | 0,493 0,808 0,510 2,5
2,6 ’ 0,800 0,487 0,805 0,503 2,6
2,7 0,798 0,480 0,803 0,497 2,7
2,8 0,796 0,474 0,801. 0,490 2,8
2,9° : 0,794 0,468 0,800 0,484 2,9
3 \ 0,792 0,462 —_ —_ 3
b. Reinforcement of Class A-II steels .
0,5 0,88 | 0,676 | 0,896 0,695 0,903, 0,707 0,908 0,715 0,914 0,725 0,5
0,6 0,872 { 0,654 0,883 0,674 0,891 0,687 0,89 0,697 0,903 0,707 0,6
0,7 0,861 [ 0,634 0,873 | 0,655 | 0,880 0,668 0,886 6,679 .| 0,893 0,690 0,7
0,8 0,852 ( 0,615 0,864 0,638 0,871 0,652 0,877 0,663 1 0,884 0,675 0,8
0,9 0,844 | 0,598 0,855 0,622 0,863 0,637 0,869 0,648 0,876 0,660 0,9
1 0,837 | 0,583 , 0,607 [ 0,856 0,623 0,862 0,635 0,868 0,647 1
1,1 0,831 1 0,568 0,842 0,593 0,849 .| . 0,609 0,855 0,621 0,862 0,635 1,1
1,2 0,836 0,580 0,843 0,597 0,849 0,609 | -0,856 0,623 1,2
1,3 0,830 0,568 0,838 ,585 0,844 0,598 0,850 0,611 1,3
1,4 0,826 0,556 0,833 0,573 0,839 0,587 0,845 0,601, 1,4
1,5 0,821 0,545 0,828 ,563 0,834 0,576 0,840 0,591 1,5
1,6 : 0,817 | O, 0,824 | 0,553 | 0, 0,566 | 0,836 | 0,581 1,6
131

mAn AMBTATAT TIQR ONTY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300100023-2

FOR OFFICIAL USE ONLY

Table 22 - Coefficient Values for Calculating Rigidity of Bending Elements of
Continuous Rectangular Sections and a Section with Rectangular Compression Zone

[Continued]
: . Concrete Grade
wo % K 300 ) 400 500 600 B %
1-05¢ ] 1-05% B 1-05¢ B 1—-05§ B. 1—-0,5% 8
1 2 3 4 5 .6 7 8. 9 10 1 12
1,7 0,813 | .0,525 0,820 0,543 0,826 0,557 0,832 | 0:572 1,7,
1,8 0,810 0,516 0,817 0,534 0,822 0,548 0,828 | 0,563 1,8
- 1,9 ) 0,813 0,525 -} 0,819 0,539 0,825 | 0,554 1,9
2 I N 0.816 0,531 0,821 4 0,546 | 2
2,1 0,812 0,523 0,818 | 0,538 2,1
2,2 , 0,810 0,515 0.815 | 0,531 2,2
2,3 i 0,87 | '0,508 —_ — 2,3
. t. Reinforcement of Class A-III steels . )
0,5 0,888 | 0,682 0,899 0,702 0,906 0,712 0,910 0,719 0,914 | 0,725 0,5
0,6 0,876 | 0,660 0,888 | 0,681.]| 0,804 0,693 0,899 0,701 0,903 | 0,707 - 0,6
0,7 0,865 | 0,641 0,877 0,663 0,884 ‘| 0,675 0,889 0,684 0,893 | 0,690 0,7
0,8 0,856 |. 0,623 0,868 0,646 -| 0,875 0,659 0,880 0,668 0,884 0,675 0,8 |
0,9 0,860 0,630 0,867 0,644 0,872 0.653 0,876 | 0,660 0,9
1 ’ 0,852 0,616 0,859 0,630 0,864 0,639 0.868 | 0,647 1
1.1 0,846 0,602 0,853 0,616 0,858 0,627 0,862 | 0,635 I, I
12 0,840 |-0,589 | 0,847 | 0,604 | 0,82 | 0,614 | 0,856 | 0,623 | 1,2
1,3 0,834 0,577 0,841 0,592 0,846 0,603 0,850 | 0,611 13
1,4 0,830 0,566 0,836 0,581 0,841 0,592 0,845 | 0,601 1,4
1,6 . 0,832 |. 0,571 0,836 0,582 0,840 | 0,591 1,5
1,6 0,832 0,572 0,836 | 0:581 1.6
1,7 0,828 0,536 0,832 | 0,572 1.7
1,8 0,824 0,554 L — — 1,8

where g is relative deformation in percent of the stretched relnforcmment, corre-~
sponding to the beginning of fracture of the concrete's compression zone,
determined from Table 23(13) depending on the ratio §¥/S,.

Condition (82) can be worded in the following manner: To prevent reinforcement
fracture before beginning of fracture of the concrete's compression zone in bending
and eccentrically compressed elements of reinforced concrete components with great
eccentricities, calculated for Case la, reinforced steels should be used with rela-
tive elongation (g, % ) under GOST 5781-61 standards (see SNiP I-B.4~62 "Rein-
forcement for Reinforced Concrete Components'") which must be no less than the
valuer, .determined from Table 23 (13).

$3.47. TFor eccentrically compressed elements of masonry components, the determina-
tion of the design case (large or small eccentricity) must be performed in
accordance with SNiP Chapter II-B.2-71 'Masonry and Reinforced Masonry Components:
Design Standards."

The calculation of masonry walls is performed without a check of the tensile zone
for crack expansion. The greatest value of eccentricity ep in the calculation for
bearing power must satisfy the condition:

132

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

Table 23(13) - Factors e, and %’

- Factor k~

Note: For intermediate values S} /S
the values for e and k”are
determined by interpolation.

Ratio of Static

Moment of Cross| o050 | 0,35 | 025 | 02 | 0,15 | 0,10

Section s¥s;

Factor €% s | 4« | 5| 6| 7] w0
3" 4 6 8 10 12

In the calculation for Case la ¢, <0,95;

In the calculation for Case lb € <0.8,

the section toward the eccentricity.

built-in shelters.

n is the number of piles;

Table 3 of these Instructions;

e v——
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m is the work condition factor, taken to be m = 1;
k 1s the coefficient of soil uniformity, taken to be k = 0.7.

ATAT TTOT NANTV

3.48. The calculation of foundation spaces is performed in accordance with
requirements of the SNiP chapter for designing foundations of buildings and struc-
tures with consideration of dynamic hardening of soils in accordance with para-
graphs 3.27 and 3.28 of these Instructions.

In the calculation for a special load combination (with consideration of the shock !
wave effects), bearing power P, tc, of pile foundations of floating piles designed
in the form of bands or groups of piles or a pile field is determined from the -

formula s
P=FkmR} (F + unZh ‘/—%ﬁ)

where R? is the allowable stress of soil (ton-force/m?) under the foundation mat
Y with consideration for dynamic hardening of soils in conformity with
Paragraph 3.27 of Instructions of SN 405-70;
F is the area of the foundation mat/distribution plate in square meters; -
u is the perimeter of pile cross section in meters;

where y is the distance from the element section's center of gravity to the edge of

The calculation of pile foundations is performed in accordance with requirements
of the SNiP chapter on designing pile foundations: for deformations -- for the
basic combination of standardized loads; for bearing power -- for the main and
supplementary or special combination of design loads arising during peacetime
operation of buildings and structures which have basements in which there are

[83(14a)] g

1§ is the thickness of the i-th layer of soil coming in contact with the
lateral surface of the pile in meters;
kg; 1s the lateral pressure coefficient of the i-th layer of soil taken from
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The bearing power of pile foundations of column piles is determined in accordance
- with requirements of the SNiP chapter on designing pile foundations, with con~

- sideration of dynamic hardening of the base in accordance with paragraphs 3.27
and 3.28 of these Instructions.

For paragraphs 3.47 and 3.48. Pile foundations for shelters can be designed in
the form of bands under walls with the arrangement of piles into one, two or more
rows; or in the form of groups under columns. Piles are joined above by a pile-
work slab. A varient is possible in which a solid foundation plate (foundation
mat) is laid under the entire structure with piles arranged in places where the
vertical load from walls and columns is applied.

Formula [83(l4a)] is used to determine bearing power of pile foundations of
floating piles in position with a foundation mat on the soil, where the foundation
mat can be used to transmit a load directly to the soil. Here the bearing power
of the pilework accumulates from resistance of the base soil under the pilework
footing which arises as a result of the vertical displacement of the entire
structure under the effect of a shock wave load, and as a result of the shearing
strength of piles from the tangential stresses over the lateral surface.

The pilework area in formula [83(l4a)] is determined from outer dimensions in the
plan view, i.e., it also includes the area of the piles' cross sections.

In calculating foundations for the effect of a momentary load, it is usually
assumed that stresses in the soil base under the foundation footing are propor-
tionate to the rate of displacement z of the foundation plate
o = ipay, (84)
where aj is the rate of propagation of elasticoplastic strains (waves) in the soil;
p is the density of the base soil.

When the pilework plate attains a certain rate of displacement, stresses in the
soil will reach the maximum permissiblé:‘ limits
Ry=2,pa,, (85)
where z is the limiting rate of displacement;
RH is the soil resistance under the pilework footing determined in conformity
Y with Paragraph 3.27.

In examining the joint performance of pilework on soil and floating piles, the
reactance under the pilework will be determined as the sum of resistances of the
foundation mat and piles

P==pa,i,,F+pbi,.S, (86)
where b is the propagation rate of transverse waves determined from the formula
1—2u I— kg
= ~*Y T2 ®7)
is Poisson's ratio for soil;
is the coefficient of lateral pressure;
is the foundation mat area per pile;

is the area of a pile's lateral surface.

b=ag

»n =HC. £
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The second term in the right part of expression (86) is the pile's shearing
strength from tangential stresses over the lateral surface. For a single pile we
will obtain from expression (86), with consideration of (85) and (87):

S. 1 —kg (88)

P=RyF\1+ 2 )
Thus, consideration of the presence of a pile is equivalent to having the magnitude
of permissible stresses in the base inc:rease(l + S ‘/ l—ks times.
F 2

The coefficient of lateral pressure for waterlogged soils (below ground water
level) should be taken equal to kg = 0.9 in calculating pile foundations. In
Table 3 of SN 405-70 the value kg for water.logged soils is assumed equal to
unity in order to create a certain margin in determining the horizontal load on
walls.

When it is impossible to use the foundation mat for transmitting a load directly
to the soil, the bearing power of a pile arrangement should be determined with
consideration of soil resistance beneath the lower ends of floating piles in posi-

tion from the formula
P = kmn (R" Fep+ RYuEL i/-———l_;ku) . (89)

where RH is the allowable stress of soil beneath the lower end of a pile, taken
from SNiP II-B.5-67* "Pile Foundations: Design Standards';
F is the area of a pile resting on the soil, taken from the area of the
pile's cross section. The remaining notations are as in formula 83(14a).
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4., METHODS OF DETERMINING DYNAMIC-RESPONSE FACTORS AND CALCULATION OF ELEMENTS OF
OVERHEAD COVER

- Calculation of Hinged-Bearing Beam for First Limiting State (Case lb)

4.1. The dynamic-response factors for stresses and displacement in formulas (42)-
(44) equal:

When calculating components without consideration of the effect of the rate of
deformation on strength properties of steels

by =tk =k, = ky (90)
When calculating components with consideration of the effect of rate of deforma-
tion " _ :

k"=kq=k"—-ku'2. (91)

In formulas (90)~(91) the dynamic-response factors #; and kps depend on the
character of change in the dynamic load in tdime and on the component's natural
oscillation frequency, and they are determined from paragraphs 4.2-4.5.

Fulfillment of the strength condition of bending and eccentrically-compressed
elements of overhead cover (Case 1) under the effect of static and dynamic loads
is checked from the formula -
- Man < My,
Py = Mo — ky M (92)

where My is the limiting moment of internal stresses in the most stressed section,
determined from the calculated dynamic resistance of component material;
Mg is the bending moment from an equivalent static load;
M. is the bending moment (with the same sign as MBKB) from the calculated
static load;
; ky is the hardening factor determined in conformity with Paragraph 3.24.
4.2. TFor a dynamic load jumping to a maximum value and then reducing over time
(see Fig. 6la), the dynamic response factors kg and K2 are determined from the
chart in Fig. 79 or are computed from the formulas:

With consideration of the effect of deformation rate (reinforced steels of
classes A-I, A-II and A-III)
arctg ol

g=1915{1 ———=], b _';
.2 Ia(l b ) > b
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Without consideration of the effect of deformation rate (reinforced steels of
classes A-1IV and A-V, heatj and stretch-hardened)

arctgwd
kA'l=2<l——(£-—),fnﬂ>2,33. (94)

Here w is the beam's natural cscillation frequency, seconds ', determined from
formulas of Paragraph 3.43;
0 is the effective action time of dynamic loads in seconds.

27 T TT1
I P
.xﬂ\\\\; ]
_g ’
15t & AV.97%
| [ l' ‘l’
— V4
! 74
/I
[4 7
1
1T A -
- 0 ol e
1 i [/ 100 wé

Fig. 79. Chart for determining dynamic-
response factor in calculating components for
Case 1b

1. Curve for determining dynamic-response
factor ky without considering the effect of
deformation rate on strength properties of
reinforced steels

2. The same, with consideration of the effect
of deformation rate on strength properties
of reinforced steels

4.3. TFor a dynamic load rising gradually to maximum value over time 83; and then
reducing to zero over time 8, (Fiz. 61d and e), the factors Rg1 and kya are
determined from curves of figures 80 and 81 depending on the values w61and 62/61.

with values w6; near to 2nm (where n is a positive integer), the curve for the

change in dynamic-response factor has minimums shown by the broken line in the
chart in Fig. 80.

To avoid understating the dynamic-response factor in connection with the fact that
values wand 8; are determined approximately, the curves in the charts of figures
80 and 81 are plotted for maximum values of the dynamic-response factor.

When w8; = 20, the values of dynamic-response factors are assumed equal to kg =
1.1, and by interpolation in the interval 10<w83<20.
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Fig. 80. Chart of dynamic-response factor

kxy values for an increasing load in calcu-
lating components for Case lb without consider-
ation of the effect of deformation rate on
strength properties of reinforced steels (the
curves and values of 0,/0; respectively: l--1;
2--5; 3--10; 4--20; 5--40; 6--100; 7--3200)
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Fig. 8l. Chart of dynamic-response factor
krna  values for increasing load when calcu-
lating components for Case lb with consider-
ation of the effect of deformation rate on
strength properties of reinforced steels
(the curves and values 6,/6; respectively:
1--1; 2--2; 3--5; 4--10; 5--20; 6--40;
7--100; 8-~3200)
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Fig. 82. Chart of dynamic-response factor

values (kg = kg .= kg, ) for a load increasing
3 I 1= Xn2

linearly from a shock Ap, to maximum value,
in calculating components for Case 1b

a8t
4
42 / B {W
) /. ~
’ [ N\
’ N
24 / s S /L2 B N\
' S \\ e
R 22 .{t § ~\\_ﬂ,i :: = -
0- 20 4% 5 67T § 9 100 sa ;

Fig. 83. Chart for determining dynamic-
response factor (k,u = 1= kg ) in calcu~
lating overhead cover with ground embankment
greater than 1 n for Case 1b

4.4, For a dynamic load increasing linearly from a shock (Apﬂp) to maximum value

over time 06; (see Fig. 61lb), the dynamic-response factor ky=ky =Ry, 15 determined

from the curves of Fig. 82 plotted for 8 = =, which ensures a margin in deter-

mining kJI' B

4.5. The dynamic-response factor ki==Kz1=£&z2 for overhead covers with ground f£ill
greater than 1 m thick is determined from the chart of Fig. 83 depending on the
dimensionless parameters
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of .
Sn=2 i (95)
pay
ﬂ=2m1m ' (96)

where H is the thickness of the soil layer above the overhead cover;
a; is the rate of propagation of elasticoplastic deformations in soil (see
- Table 9);
p is the density of embankment soil;
m; is the component mass per unit area of loaded surface;
w 1s the component's oscillation frequency determined without consideration
of soil mass above the cover.

In this case the dynamic-response factor considers the effect of reflection of the
compression wave from the overhead cover and the free surface of the ground in
addition to the effect of the load's dynamic action. In constructing the chart of
Fig. 83, the reflection factor is assumed equal to two. The equivalent static
load on the overhead cover in this case is determined from the formula

: Qoo = Dp Ragr by, (97)
where Apg is the pressure on the surface of soil embankment;
- ksatr is the attenuation factor from formula (22).

With Sg>0,25 the change in the reflection factor depending on the magnitude of
pressure (see Fig. 63) can be considered approximately by multiplying the magnitude
of pressure App in formula (97) by the ratio k*orrp/2= vhere k*gp, is determined
from the chart of Fig. 63.

The attenuation factor kgyp from formula (22) is best determined for a short time
of the shock wave's effect on the soil's surface (for example, from the explosion
of GVS).

4.,6. The limiting value of the dynamic load for a beam with known characteristics
of cross section is determined from the formula
‘8(My—ky M
Py = S (98)

where b is the width of the loaded zone;

Mo is the limiting moment of internal stresses;

M. is the bending moment from static load;

k, is the hardening factor of reinforced steel;

{ is the effective span; and

ky is the dynamic-response factor for the bending moment.

Calculation of Hinged-Bearing Beam for First Limiting State (Case la)

4.7. Calculation of a reinforced concrete hinged-bearing beam for bend is per-
formed from the condition

L o
"I’—‘ 19.23kn<¢mnx- (99)
where y is the opening angle in the hinge of plasticity in the middle of the beam's

span;
is the maximum peraissible opening angle in the hinge of plasticity, estab-

Ynax > . .
lished in conformicy with Paragraph 3.32;
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1 is the effective span of the beam;
B is the beam's rigidity at mid-span (see Paragraph 3.44);
5,—_ bpua is the width of the loaded zone;
P is the maximum value of dynamic load; and
mﬁn is the dynamic-response factor for displacements determined from the charts
of figures 84-87 depending on the cyclic natural oscillation frequency of
the component w, values characterizing the law of a load's change over time
(shown in the charts), and the dynamic—response factor for bending moment,
the value of which is computed from the formula

h =ﬁ%ﬁg  My— P_: (100)
ky
TR
BTN \\ \\ \‘7
’“ : ARG
y 5
174 \ 7
AW
LA

10 \2 z \ \

\ ) ~

- : NEBWARW ;r\
P \ \\\\\\ “‘, .
b N \\ s = . '

TR SRS T TT
P .. I~ K N By e e
’ , AARANEEREEN
2. 95 05 47 48 g3 1 .4 1 13 9 5 % 17 18 19 2k,

Fig. 84. Chart of the relationship of the dynamic-response fac-
tor for displacements kg to the dynamic-response factor for bend-
ing moment ky in calculating hinged-bearing beanms for Case la
with consideration of the effect of deformation rate on strength
properties of reinforced steels (the curves and values wb respec-
tively: 1--5; 2--10; 3-—15; 4--25; 5—-50; 6--100; 7--200; 8-->300)
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Fig. 85. Chart of the relationship of the dynamic-response fac-
tor for displacements kp to the dynamic-response factor for bend-
ing moment ky in calculating hinged-bearing beams for Case la
without consideration of the effect of deformation rate on
strength properties of reinforced steels (the curves and values
of wd respectively: 1--5; 2--10; 3~--25; 4-~50; 5--100; 6~--200;
7~--2300)

- In figures 86 and 87 that part of the curve drawn as a continuous line corresponds
to the beam's performance in the plastic stage, and the broken line is its perform-
ance in the elastic stage.

With ©0;>2n and ©8;=>100—200 it is best to calculate components for a load with a
build-up only in the elastic stage (Case 1b of the limiting state), since a con~
sideration of plastic deformations produces no economic effect.

The dynamic-response factor for transverse force kQ is assumed equal:

For a load with a jump (see Fig. 6la and c) g~ 0.04+1,1%;
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For a load with a build-up (see Fig. 61d and e)
kow L1k,

4.8. TFor overhead cover with a soil embankment greater than 1 m thick, the dynamic-
response factor for displacements in formula (99) is determined from the charts of
figures 88-90 depending on the dimensionless parameters Sp and n, calculated from
formulas (95) and (96), and on the dynamic-response factor for bending moments com-
puted from formula (100). The maximum value of the dynamic load pp., is assumed
equal to . ’ "';{n

Pmax = Apy kan"é" . (101)

In determining M, it is necessary to consider the weight of the soil embankment.

The dynamic-response factor for transverse force is assumed equal to
: bo==1 1k, .
Q M

4.9. The limiting value of dynamic load for a beam with known characteristics of
cross section is calculated from formula (98), in which the dynamic-response
factor ky is determined from the charts of figures 91-93 depending on the cyclic
natural oscillation frequency of the component, the values characterizing the law
of the load's change over time, and parameter z, found from the formula
— 2|4B%IX

2 Mo—ky M) ' (102)

in which there are the very same notations as in formulas (98) and (99).

Since the action time of the dynamic load and its maximum value are functions of
the distance from the center of the blast to the structure and of the yield (energy)
of the burst, then the limiting value of the dynamic load in the first approxima-
tion should be determined with its action time 6 = o,

With the given yield of burst and the value of the load found in the first
approximation, its action time is determined from known formulas! and the magnitude
of the critical load is refined.

Calculation under Case lb of Beam with Both Ends Fixed and of Frame Elements with
Ends Fastened in Rigid Joints

4.10. The dynamic~response factors with consideration of expressions (90) and
(91) are determined from the charts of figures 79-83 depending on the cyclic
natural oscillation frequency of the component, the values characterizing the law
of the load's change over time, and the dimensionless parameters Sy and n, com-

puted from the formulas (95) and (96) (for overhead cover with a ground embankment
greater than 1 m).

1. See Ganushkin, V. I., V. I. Morozov, B. I. Nikonov and G. I. Orlov,
""Prisposobleniye podvalov sushchestvuyushchikh zdaniy pod ubezhishcha"

[Adapting Basements of Existing Buildings as Shelters], Moscow, Stroyizdat,
1971.
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Fig. 88, Charts of the relationship of the
dynamic-response factor for displacement kp
to the dynamic-response factor for bending

moment kp in calculating overhead cover with
soil embankment greater than 1 m for Case la

(parameter Sy = 1 and 2)

4.11. Strength conditions are checked for the bearing and span sections

formulas: MO < MO By me;

Moty SMGP — ky M,
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Fig. 89. Charts of the relationship of the

dynamic~-response factor for displacement kp to

the dynamic-response factor for bending moment

kp in calculating overhead cover with a soil -
embankment greater than 1 m for Case la

(parameter Sy = 3 and 4)

where M3, M, are the bending moments on the support and in the span from
equivalent static load respectively;
M) 2

M= qg:; — kg (104)
o TP (102
M= =2k,
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Fig. 90. Charts of the relationship of the
i dynamic-response factor for displacement kpy to
l the dynamic-response factor for bending moment
kp in calculating overhead cover with a soil
embankment greater than 1 m for Case la
(parameter Sg = 5 and 6)

148

- FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

I\ T
1
\ \ |
TN (AN
ANV VAN
IEEAEL
” WAR'G
\\ \\- AWl
b/} \ ‘\’\ \ '
8 “
[ K \
\ 2 \L O\ .
. N, NANNE
NN RN

e R "B B A 19 Ik,

"

Fig. 91. Chart of the values of the dynamic-response factor for
bending moment (without consideration of the hardening of rein-
forced steel) for the limiting value of a dynamic load increasing
by a jump and then reducing linearly over time (the curves and
values w8 respectively: 1--5; 2--10; 3--25; 4--50; 5-~100;
6-->200)
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Fig. 92. Chart of values of the dynamic-response factor for
bending moment (with consideration of hardening of reinforced
steel) for the limiting value of a dynamic load increasing
with a jump and then reducing linearly over time (the curves
and values w8 respectively: 1--5; 2-~10; 3--15; 4~--25; 5--50;
6~=100; 7--200; 8--»300)

Here Em = Pmaxfub, Where b is the effective width of the beam's loading zone.
For overhead cover with the thickness of the soil embankment layer greater than

1 m, the value of py,, is determined with Si>026 from formula (101), and with
S$a<<0,25 from formula pp,, = Appkear-

Factor kj which considers the redistribution of values of bending moments in the

span and on the support as a result of crack expansionin the concrete's tensile
zone is determined from the formula

_0,2694-0,731 By
- 17 0,46 -0,54p; ' (106)
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Fig. 93. Chart showing values of dynamic-response factor for bending

moment for the limiting value of a dynamic load increasing linearly to
maximum value

a. Without consideration of the effect of deformation rate on strength
properties of reinforced steel
b. With consideration of the above

in which Bgon
By R (107)
where Bom Bmp respectively are the beam's rigidity on the support and at mid-span,

determined with consideration of crack expansion in the concrete's tensile zone (see
Paragraph 3.44).

4,12, The limiting value of the dynamic load for a beam with known sectional
characteristics equals the least of two values calculated from the formulas:
12 (M3" — ky, M")
B8 by by

Pimax = np) (108)

24 (MIP — k. M

Pm-x="‘"‘——_“(. TR (109)
(38— 2k() by

Calculation for Case la of a Beam with Both Ends Fixed and Frame Elements with
Ends Fastened in Rigid Joints

4.13. Calculation of a reinforced concrete beam with fixed supports for flexure
is performed:

For a support W= pb

el AR

(110)
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) ' pl3
For a span up . PT g o yip
g MrYTRURAL (111)
_ where 1, y"" are expansion angles in the bearing and span hinges of plasticity
respectively;

PO, Y™ are limiting expansion angles in the same hinges of plasticity, estab-
lished in accordance with Paragraph 3.32;

ke, ke are the dynamic-response factors for displacements for the bearing and
span respectively, determined from charts of figures 115-122, Appendix

The calculation is performed in the following sequence.

We determine the beam's sectional rigidity at the bearing and in the span (see

Paragraph 3.44), the natural oscillation frequency of components w; (Paragraph
- 3.43) and the product wi®. From formulas (106) and (107) we find the factors Bi
and k. We compute the factor Bz: . M2 — b MOP .
- 7o ky c

b= MP — b, M

where Me", M™ are the limiting support and span bending moments of inner stresses

o o

' [see formula (61)];

ky is the dynamic hardening factor of reinforced steel;

on: pmp Aare bending moments at the support and in the span from the static
. ¢*™e  1oad, determined from formulas (104) and (105) respectively, sub-
stituting therein the values g,=gq,p in place of g .

' (112)

: Compute the dynamic-response factor for bending moment for the support from th-
| formula M — b, M

s —, (113)
M

whereAﬁT is the bending moment from dynamic load at the support, equal to
i
My = by (114)

Based on the computed value k2" with the help of charts of figures 115-122,
= Appendix 7, in relation to wj, 6, B1 and B, we determine the dynamic-response
- factors for displacements k%" (solid line on the charts) and Ky (broken line on

the charts), and the dynamic-response factor for lateral force kg from tables 24
and 25.

Then a check is made of the component's strength for conditions (110) and (111)
and a calculation is performed for lateral force in conformity with paragraphs
3.37 and 3.38 with consideration of formula (46). If curve Ry (broken line) in
- the charts of figures of 115-122, Appendix 7, is absent with the given value of

k', then the beam is performing in the elasticoplastic stage and the flexure
calculation is performed only based on condition (110).

4.14. TYor overhead cover with a soil embankment of more than 1 m in thickness,
the dynamic-response factors for displacements in formulas (110) and (111) are
taken as equal to the factor ky, which is determined from the charts of figures
88-90 in relation to the dimensionless parameters S; and n, calculated from
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Table 24 - Dynamic-Response Factors for Lateral
Force for Single~Span Fixed Beams and Central
Spans of Continuous Beams (Class A-I, A-II and

A-III Steels)

values kg,

fh.equal .to

BI ﬂl
0,6 0,7 08 09 1 1,1 1,2 13
1 2 3 4 - B 6 7 8 9 10
056] 09| 1 12l13{1,4|1,4] 15|16
060,07 064 08 09| 1, 1] 1213/ 1,4f15}18
+lo,72) 0,8] 0,9 1 igfrel1,4]15/16
08 |07]08}1 0 r2] 1,31 1,411,5
o7 111,83} 1,3l 131,41 1,4]15]1,6
. 0,8 |1 12 1,3]11,3]1,4]1,4]1,6[1,6
0.9-1,06 09 |1 1013l 13{1,4]1.4]15][1,6
T 09|t 0f12]13]14|14|15]1,6]
o7|.1,t{12l 13131830 1,4]1,5[1,56
0,8 1 1213/ 1,3)1,311,4][1,5]1,8
—l , ¥ 1] ’ " 1] 1] 4
106—1.24 |, 09| 1,0 1,3} 1,3 1,3]1,4[15}1,5
o091 1213 1,3/1,4] 1,5]|1,5)
1,0 ol ta]ltela]1,3] 4] 14115
1240091 o131 1,3 1,4]1,4]1,5
1,24-1,54 1,38 ] 0,8] 121,83 1,4)1,411,5
152/ 0809 1,ilt12] 1,3 1,4]1,4]15.
166|081 |'10]12]1,83]1,3]1,4f1,5
141 95 1,73/ 0,8| 09| 1,1| 1,24 1,3] 1,3] 1,415
19 {08 09]1 11120 1,3] 1,415
2,08| 0,8/ 0911 ejre] 3] 1,418
AR REE
12, 840, ) 211,31 1,4]11,6
1.95-2,5 (93| o7f{oe| 1 |11 12|13} 14[15
26607 (08f I [1;0]1,2)13]1,4[1,5
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Table 25 - Dynamic-Response Factors for Lateral
Force for Single-Span Fixed Beams and Central
Spans of Continuous Beams (Class A-Ily, A-IIlv,
A-IV, A-V, At-IV and At-V Steels)

8 b values 43", . equal to
t ¢l L
o6-] 07| o] oo ] v || a2 a
08081091 | 12| 13[4 4|18
0609 |@64[07 o8] 1 | 1|12 13] 1,4{15
072f07f08]09(1 [11f12] 13|15
0.8 1061 07[08 1 | n1|12f 13|14
0.7 {1 [ tafn3|1,3]1,3]1,3|1,4]1.4
0.8 0911 |12|1,3|1,3|1,3)1,4|1.4
0.9-1,06 09081 L n3|,3) 1,3 1,4{1,4
olosfos| e s| 3] 1,44
- 0.78] 09| 11| 2| 1,3| 1,3] 1,3 1,4 1.4
089091 | 1,2f1,3] 1,3 1,3] 1,414
l —l ’ 1] ’ ’ ’ ’ ’ »
061,24 1 o8]t [l 2| 3] 3] 1.4]1
Lufosloolt fref3]| 13| 1,4]1,4
fosfoo| ] e s 3| sl
La2alo08109(1 |10 03]13li13lis
"24_1’54 i ’ ’ 1] ’ , 1] ’
; ' 138l o709t [uiafnefn3| 13|14
3 1827071 08(09f1,1|1,2]13]1,3]1.4
B 1,% ) 07008 1 | 1,1f12]|12|1,3]14
| |54t g5 | 178] 07| 0.8] 09 1 EIREINKIRN:
! N 19 1071081 09(1 frifre|1,3]14
i 2.08|07]08l09|1 [1,1]12]1,3[s4
| s ez oeael s [l v
! 21107(08]o0, RERRIRKIEN
L9525 1943 | o6 | 08| 09| 1 |11 12| a4
- [2:661 06|07 08|09 1" [12]| 1314
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formulas (95) and (96), and in relation to the dynamic-response factor for the

bending moment for a support computed from formula (113). The maximum value of
dynhamic load ppay in formulas (110), (111) and (113) is determined from formula
(101). Weight of the earth embankment must be considered in determining M.

The dynamic-response factor for lateral force is taken to be equal to kg'=11 kY
Calculation for Case lb of Beam with Fixed End and Hinged-Bearing End

4.15. Dynamic-response factors, with consideration of expressions (90) and (91)
are determined from the charts of figures 79-83 by the methods examined above.

4.16. Strength conditions are checked for the bearing and span sections from
formulas (103), in which

. o e
Myt = =2 by (115)
R - . 2
i w Il (k) (116)
Msxa"= 8 A 4/

Here g% =pmaxkub, where b is the effective width of the beam's loaded zone. For
overhead cover with the soil embankment layer thicker than 1 m, the value Pp.y is
determined from formula (101) with Sp>0.25 and from the formula

- Pmax = Appaar With S, <0,25.

Factor k;, which takes account of the redistribution of bending moment values in
the span and on the support as a result of crack expansion in the concrete's
tensile zone, is determined from the formula
_ 0,2640,74p, (117)
"~ 0,578-+0,422 B,
in which B; is determined from expression (107).

4.17. The limiting value of the dynamic load for a beam with known sectional
characteristics is equal to the lesser of two values calculated from the formulas:
8 (Mgn '— ky Mg")

= ; (118)
Pinax ° bi% by by i 8(M3p-—kyMgp)
Pmax=_‘——-——‘k T - (119)
bi2 1—'7') I

Calculation for Case la for a Beam with Fixed End and Hingéd-Bearing End

4.18. The flexure calculation of a reinforced concrete beam with a fixed and a
hinged end is performed:

For the support -

\

3
¥ = —25gon < 0,5 g0, (120)
For the span 106,8 8™ ‘
18
w“pe-‘;"l;—v; kng\wlp, (121)
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The hinge of plasticity in the span is situated at a distance (0.36-0.45)1 from
the swing support.

- Dynamic-response factors for displacements kﬁ' and Ay are determined from the
charts of figures 123-130, Appendix 7, in relation to the values w,, 01, By (107),
B2 (112) and the dynamic-response factor for the bending moment for support koA,

computed from the formula .
M3 — b, M

k' = PR (122)
in which o
M:"-T ky. (123)

In computing the factor 8, from formula (112) the values M2 and MP should be
substituted therein, as determined from expressions

Mo =.i?§‘.' by ‘ (124)
P (1- Ay, (125)

If curve R¥ (broken line) in charts of figures 123-130, Appendix 7, is absent
with the found value kY , then the beam is performing in the elasticoplastic
stage and the flexure calculation is performed only based on condition (120) for
the support.

- 4.19. Dynamic-response factors for lateral force at the fixed k3" and swing
support £y are taken from tables 24-25 in relation to the values Bi1, Bz and k.

Lateral forces on the supports from an equivalent static load equal:

At the fixed support

'Fl .
o ="g Kqs (126)
At the swing support =
p
g:u=—2~ kQ. (127)

4.20. For overhead cover with an earth embankment thicker than 1 m the dynamic~
response factors for displacements in formulas (120) and (121) are taken as equal
to the factor ky, which is deterwined from the charts of figures (3-90 in rela-
tion to S and n and the dynamic-~response factor for bending moments for the
support, computed from formula (122). The maximum value of dynamic load is deter-
mined from formula (101). In finding M, it is necessary to consider the weight of
the earth embankment. The dynamic-response factors for lateral force are taken as
equal to K =kY FLIK'. Lateral forces from the equivalent static load at the
supports are determined from tables for static calculationm.

Calculation of Continuous Beams with End Swing Supports

4.21. A continuous beam is presented in the form of a system of single-span beams:
with fixed ends (central spans) and with one fixed end and the other a hinged-
bearing end (end spans). The number of spans is denoted by n, with spans numbered
from left to right (i =1, 2,...,n). Strength conditions must be satisfied
simultaneously for all spans.

156

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

'~



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

In calculating central spans of a continuous beam we use formulas for a single-
span beam fixed at both supports and, in calculating end spans with a swing
support, we use formulas for a beam with one fixed support and the other a swing
support. In these formulas the values of factors Ky and Kz, which take account of
the redistribution of bending moments at the support and in the span, must be
changed, since the relationships between bending moments at the supports and in
the spans of continuous beams differ from those in single-span beams.

For central spans (i = 2, 3, ..., n-1) the values of factors k}, in relation to
the number of the beam's spans will equal:
With n = 3: Afp=12k
With n = 4:
For the second A}y = 1.07ky,2;
For the third #{s= 1.07k1,3;
With n = 5:

For the second A2 = 1.105k1,2;
For the third k%3 = 0.948ki,3;
- For the fourth kY, = 1.105k1,y4.

Here b w (i28)
LT 70,464+ 0,54P
- - . non
By = ot (129)
- ¢ B:'P
. i » '
- Byt = (B + B2) (130

B is the rigidity of the i-th support.
- With unequal values of moments of inner stresses on supports, it is possible to
take their mean values
— 1
M, = - (M3 — by M+ My — by M), (13D)

- where Mg, is the limiting moment of internal stresses at the i-th support;

Mo is the bending moment from static load at the i-th support.
c.t

For end spans (i = 1, n) the factors kR will equal:
Two-span beam (n = 2) ky=4y

With any number of spans greater than two (n33): Ry = 0,8ky;
ks, is calculated from formula (117.

4.22. 1In the calculation for the first limiting state (Case 1b), the dynamic
response factor is determined from the charts of figures 79-83 with consideration
of the expression (90) and (91).
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4.23. The calculation for the first limiting state (Case la) is performed in the
following sequence: The dynamic-response factor for bending moment (%2") for the
i~th span is computed from formulas (113) for cemtral spans or (122) for end azan.
Here k; and k, are substituted for k], and K% respectively. The factors M? (3)
and o, kP (see tables 24-31) are found according to the found value kY with the
help of charts of Appendix 7 in relation to the fixing of the ends of the i-th
span and the values «}8(w30), B, By, *

Strength conditions of the continuous beam would be written in the form:

For supports W< o £=2,8, 0 um, (132)
where W™= §{%e F 7o

The values ¢¢1u'ﬂ#“mn are determined from formula (110) for central spans or
formula (120) for an end span;

For spans YP<®, i=1,2,,.,n, (133)
where P is determined from formula (111) for central spans or formula (121) for
an end span.

The hinge of plasticity in an end span is located at a distance (0.36-0.45)1 from
the swing support.

’ For overhead cover with a soil embankment greater than 1 m, it is recommended that
| the dynamic-response factors be determined for all spans of the continuous beam

| from the end span with use of charts of figures 88-91 in relation to the dimension-
: less parameters Sy, n and the factor KW, computed from formulas (95), (96) and
(122) respectively.

Calculation of Rectangular Slabs

4,24, Rectangular slabs for which the ratio of the greater side b to the lesser a
satisfies the condition —>2, are beam slabs and their calculation is performed by
the methods set forth above.

. b
1f Is— <2 (134)
then the calculation of slabs should be performed with consideration of conditions
of support on all four sides.

4.25. 1In the calculation for the first limiting state (Case 1lb), dynamic-response
factors with consideration of expressions (90} and (91) are determined from the
charts of figures 79-83 in relation to the cyclic natural oscillation frequency of
the slab, the values characterizing the law of a load's change over time, and the
dimensionless parameters Sy and n computed from formulas (95) and (96) (for over-
head cover with an earth embankment greater than 1 m).

The moments (bending and twisting) and lateral forces from the equivalent static
load are found from slab calculation tables.

4.26. In the calculation for the first limiting sicte (Case la) of rectangular
hinged-bearing slabs, the dynamic~response factor for the bending moment is com-
puted from the formula
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Table 28 - Dynamic-Response Factors for Lateral Force for End Span of Continuous

Three-Span Beam (Class A-I, A-II and A-III Steels)
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Response Factors for Lateral Force for End Span of Continuous

Table 30 - Dynamic-

-I, A-II and A-III Steels)

Beam with More than Three Spans (Class A
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Table 31 - Dynamic-Response Factors for Lateral Force for End Span of Continuous

Beam with More than Three Spans (Class A-IIv, A-IIIv, A-IV, A-V, At-IV and At-V

Steels)
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a_ . a
- ku =Mo kyMc ’ (135)

a

My

where Mj is the linear moment of internal stresses in the middle of the slab in a
cross section parallel to side b;
M3, M} are the linear bending moments in the middle of a slab in a cross
section parallel to side b from the static and dynamic load of

intensity p_ .. respectively, determined from slab calculation tables;
k,y is the hardening ?actor of reinforced steel.

The ch%rts in figures 94 and 95 are used to determine kg in relation to ky, w8 and

%= . The dynamic-response factor for displacement ky for intermediate values
of x can be determined by interpolation.

Fulfillment of the strength condition is checked from the formula
Pinax a° kg
q’:_—_lBD(l ) <¥m (136)
where D is the slab cylindrical rigidity;
Yy 1is determined from the chart in Fig. 78.

In the presence of a soil embankment thicker than 1 m above the slab, the factor
kp in formula (136) is determined from the charts of figures 78-80 in relation to
the dimensionless parameters Sp and n (96) and the dynamic-response factor for the

bending moment computed from formula (135). Dynamic load p,,, is determined from
formula (101).

| 4.27. Rectangular slabs fixed along the entire perimeter can be calculated
: approximately by the methods examined above by taking the sum M{® -+M{), in place
of the value @), where M,‘,‘,}D.M(‘,"gn are linear limiting moments of internal
stresses in the slab span and at the support respectively.
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Fig. 94. Charts showing relationship of
dynamic-response factors for displacements kg
to dynamic-respoase factors for bending moment
kp in calculating hinged-bearing slabs for
Case la with consideration of the effect of the
strain rate on strength properties of rein-
forced steels with ratios of the lesser slab
side a to the greater b (x = 1 and 0.5)
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Fig. 95. Charts showing relationship of
dynamic-response factors for displacements kp
to dynamic-response factor for bending moment
kp in calculating hinged-bearing slabs for
Case la without considering the effect of
strain rate on strength properties of rein-
forced steels (x = 1 and 0.5)

164

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

Appendix 1 - Basic Characteristics of Airtight and Airtight-Blast Doors,
GCates and Shutters for Protective Civil Defense Structures

B Recommendations for Use of Airtight Blast
- Doors, Gates and Shutters Based on Shelter

Door, Class and Entrance Factor

Gate, 0ld | Open-~
- X i Shelter Class

izzt Code ing 1 | ur | v | v .

Size, Entrance Factor Detail Plan Album

Code cm - . Y A

3 ~ . Designation
ST I Al O Bl
U0 T T N ' 1 IO I (NP [ (D3
Airtight Blast Doors
D73 — j8xi[—|+ |+ = [—[F|=| =[] = | T [ DK-N-I-71
DU-II-§ ——00 ggx;gg + I I +. |+ :}- +| + + |+ +‘ +
.I- 1 X —_ — —] - | — =] =] —
DU+ | 210 DKNSI-60: B T
) pu-l2 |pzem |1eox200|—| + | + | = |={ + |=] = | = |—| —.| — | TDK-N-1-68; Part: 11,
. , Section IV, 1971
DU.II-5 — 120X 200 -i- - - -i— i— "l_- +Hl+ ]+ %B%(—N—I—;% Part II,
PU-Ls | —  |180x240) %} + | + 1T o 2 bam Ro5 88
DU-IV-4 —_ 180X 240 el e I ol b I +1 + . 4+ + | + %gﬁ—g—% ;(l] Part II

J-I-6 —_ 300 240 - - - = |- = ar
Du-L-¢ X + Sec IV, AlbumNo 5&6
DU-IV-5 —_ 300X240|—| — | — | = [—| =4+ + | — |F + | + | TDK-N- i-71

Airtight Doors
IV- : : DK-N-I-68. Part II
DU-IV-3 | DGM™ | 80XI801+] + | + | + |+] + |+] + A+ +' + | ER 1955,
DUIV-2 | peM. (120x200f+) + { + I+ I+l + |+1 + | + + 1+ "
Gates
‘ - -] 6

e e P e R e e R R R Ry = LS
vggiil D - £8§§£+ nall Sl U i Bl i Bl sl b Bl o
VEHII-L f. - - === -1 -

B1-2 - 20| —1 — _ = S — | — |TDK-N-I-71/10 under
Vo ?mx ' +. . + t- l7ns A-1II/I111-2500-
. : ) 1. 1/2
VUII-2 — jsoox2dd|+} + | =+ |F| = [FF T =] = "

- volLe | — . j30ox20|—| — | — | = |—=| = |=l == |+t + |+ "
Airtight Blast Shutters .
80x80|-—-l—‘—|-l I I I l l I I-—I ]TDK—N167 Part I,
§\1112 l zwolsoxso +i + + I+ =i+ + 1+ 1+ Sec IV, 1969
Airtight Shutters
SUV-L | GS 1 80X8 (+| + |+ 1+ I+l + 1+ 1+ 1+ + 0+ "

Notes: 1. Before articles of new series are put into production it is permitted
to use doors DU-I-3 or DZG-80x180-1.35 of the USSR MO [Ministry of Defense] list

- in place of doors DU-I-7, and doors DU-II-1 or DZG-80x180-0.5 of the USSR MO list
instead of doors DU-III-6.

165

AN AmmTATAT TICR ANTY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

. 2. Doors DU-IV-4, DU-IV-5 and gates VU~III-1 and VU-III-2 also can be used as
- airtight units in all types of shelters.

3. Use of the D-iV-1(GD) door is permitted in place of the airtight DU-IV-3 dooz.

4. Airtight doors are used as entrance doors in DES and as inner doors of shelter
airlocks.

5, The DU-III-1(ZGD-15) doors and SU-III-1(ZGS-15) shutters presently being pro-
duced can be used as external doors and shutters in Class IV structures with an
entrance factor of 1-1,25, and DU~III-2 and DU-III-3 doors can be used as outer
doors in Class V structures with entrance factors of 1-1.2.

6. TFor the purpose of standardization, it is recommended that the inner airtight
blast door in the airlock-sluice be made identical with the outer door.

é‘ Conventional symbols:

+- Components recommended £o0r use;

%~ Components permissible to use until development of new ones;
~= Components not recommended for use.
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Appendix 2 - Methodology for Determining Cost Indicators of Basic Structural
Elements of CD Shelters

1. The optimum cost of various structural elements of spaces adaptable as sheltets
can be determined on the basis of factual data of rational design decisions for
structures depending on the type of materials used and their strength characteris-
tics, design loads, capacity, technological features of production located in the
space in peacetime, and other features.

The degree of optimity for cost indicators of a design decision can be assessed by
comparing the planned cost of individual structural elements or of the structure
as a whole with proportionate costs computed theoretically for the most rational
components and space planning decisions for structures.

Proportionate costs U represent the cost (in rubles) of individual structural
elements of a structure per 1 m? of protected area. The basic structural elements
which determine the project cost for adapting spaces as shelters are: overhead
cover, walls, columns, foundations, entrances and emergency exits. Proportionate
costs for installing these components, calculated for bearing power, can be deter-
mined from the nomograms depicted in figures 96-109. The nomogram calculation
sequence is shown in the figures by conditional lines.

' 7,?,‘: / 7 ¢
/ 07
e 117
’\-” Sl x,,aaﬂrg&{/ 27
7 Y e 1/ ¥ /7
i S e S s M /47 4
} \m~ A :I’, l/?/
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! '/30‘0‘“‘" 7200 1000
g 2 g A S
e NN 00—
7 !I.7> e //’ \\\ fa
b g a Q:fc 0\
‘ 107157 1] ) > 07 .
5@?'} \ﬁ&ﬂ' }7<<
—4% - e X \
1A % A
. . y A
/FM (7 ‘y - \ | naM
- 1 11

w
Fig. 96. Nomogram for determining the factor w

Sample calculation. Determine the factor w for
an overhead slab with the following data: cost
of concrete C§ =45 rubles/m’; reinforcement
cost C, = 1,080 rubles/m3; grade 300 concrete
(Ry = 160 kg/cm?); class A-III reinforcement
(Ry = 3,400 kg/cm®); tee= 0.5;%a= 1.8. We will
obtain for these data in the order indicated by
the arrows: w= 3.7 for overhead slabs; w= 2.5
for outer walls of precast reinforced concrete
elements (tog= 1).
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2. From the nomogram shown in Fig. 96 we determine the intermediate factor w for
the overhead slab and collar beam, which 1s dependent on the cost of 1 n® of pre-
cast concrete with consideration of cost for the transportation and imnstallation
of the precast elements C{; on the cost of 1 m® of reinforcement with considera-
tion of cost for placing cages (meshes) in forms C;; the reinforcement use factor,
expressed as a ratio of the entire reinforcement weight per 1 m of the element to
the weight of the effective working reinforcement §,; to given grades of concrete
and reinforcement and the section coefficient tig.

The value of the reinforcement use factor ¢, is taken, dependent on element com-
ponents, as equal to:

1.4-1.6 for continuous and hollow slabs;
1.6-1.8 for flanged slabs; and

1.8-2 for collar beams.

The design resistances of concrete Ry and reinforcement R, are taken in accordance
with paragraphs 3.21-3.28 of SN 405-70.

The section coefficient is equal to:
fg=11 Fon (137)
FCG'I
where Fg  is the area of various kinds of openings, cavities, projections and so
on within the effective width of an element's cross section b;
Feey is the element's sectional area equal to the product of its width b
times its height h.

3. In the nomogram depicted in Fig. 97 we determine the values of intermediate
factorsn; and n, dependent on w, n3 and height of the precast element Aj.

The factor n3 equals the product of the ratio of the cost of 1 m® of monolithic
cogcrete "on the job" C%¥™ to the cost of 1 m® of precast ccncrete "on the job"

Cs and the ratio of the monolothic element's section coefficient tyoy to the
section coefficient of the precast element tog. The procedure for determining the
factor tyoy is analogous to determining tcg and is set forth in Paragraph 2.

The precast element height Ay is taken from available standard si:es in cata-
logues.

4. Proportionate costs for a precast-monolithic cover Uy.r1 are determined from

the nomogram in Fig. 98 dependent on previously computed factors w, ni, naz, N3,
the protective structure class, the effective span of the structure 1, the coeffi-
cient a, which takes account of conditions of fixing at the support, and n;,

which is equal to the ratio of the structure's area on the inner face of outer
walls ¥ to the protected area Fg; ny = % .

The protected area Iz is taken to mean the area of a structure being used for
accommodation of sheltered persons and industrial equipment (without considering
the area occupied by partitions and inner walls).
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Fig. 97. Nomogram for determining the factor
niand ny

Sample calculation. Determine factors nj and
ne with w = 6.7; ng = 1 and Ag = 0.4, Perform-
ing the calculations in the order indicated by
arrows, we obtain ny = 7 and nz = 8.

The effective span 1 of the cover slab is taken in relation to the structure's
structural schematic.

The value of the coefficient a, which takes account of conditions of fixing at
the supports, can be taken as equal to 8 for sectional components and 11-16 for
continuous components.

5. In determining proportionate cost for a precast-monolithic flanged overhead
cover Uy.rp, the proport..nate costs for the collar beam must be added to the
proportionate costs obtained for the precast-monolithic slab.

The proportionate cost for the collar beam can be determined from the nomogram in
Fig. 99 in relation to the factor w, the cost of 1 m® of precast concrete on the
job €56 , the design load per 1 m of collar beam corresponding to the given class
of protective structure, the effective span of structure 1, the support fixing
conditions factor a, grade of concrete and collar beam parameter b. In calcu-
lating the cost of a collar beam for a precast-monolithic flanged overhead cover,
the value b is determined from the formula b==—2£".= where b, is the collar beam

- width and by 5 is the effective width of V bmp the collar beam's flange con~
sidering its performance in the span as a T section. The value brm.p is taken as
equal to 1/3 7+ bp. The value b is taken as equal to bP in calculating the cost
of the collar beam for a precast overhead cover.
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Sample calculation. Determine the cost of 1 m?
of overhead cover slab of a freestanding class
A-III shelter with a span of 6 m; concrete
grade 200; a = 11; w = 6.7; n1+nz2 = 15; n3 =
1; Ag= 0.4;C = 36 rubles/m’; tcg= 0.5 and

n; = l.1. With these data in the order indi-
cated by the arrows, we will obtain Uy.g= 27
rubles/m?.

Values of the factor w are determined from the nomogram in Fig. 96. The values of

other parameters are taken in accordance with instructions presented in paragraphs
2-4,

6. The cost of 1 m? of precast reinforced concrete cover of a frame structure is
added up from proportionate costs of the slab and collar beam. The cost of 1 m?
of precast reinforced concrete slab can be determined from the nomogram in Fig.
100 in relation to the design load (structure class), span, concrete grade, struc-
tural decision of the slab, and the factors w and tgg. The methodology of deter-
mining the collar beam's cost is examined in Paragraph 5. The values of factor w
are determined from the nomogram in Fig. 96, while the values of other parameters
which determine the cost of the collar beam are taken in accordance with the
recommendations set forth above.
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Fig. 99. Nomogram for determining proportion~
ate costs for collar beam Uy.p

Sample caleculation. Determine proportionate

costs for collar beam with following data:Cy =

36 rubles/m®; w=7; 1= lP P 6 m; Class A~III

freestanding shelter; b= "___=0,45; concrete
- grade 300; a = 11. By Vb,,,,, making calcula~
tions in the sequence indicated by the arrows,
we will obtain Uy.p= 11.5 rubles/m?.

7. The proportionate costs for erecting outer walls of precast reinforced concrete
elements Uy.cum» with bending strain in a horizontal direction, are determined from
the nomogram g:'é\gan in Fig. 101 in relation to the cost of 1 m® of precast concrete
"on the job" Gg ; the structure perimeter II; lateral pressure coefficient ks »
dependent on the type of soil and taken in conformity with Paragraph 3.6; wall
span 1; concrete grade; and the factor w, the value of which is determined in con-
formity with Paragraph 2 from the nomogram in Fig. 96. Proportionate costs for
outer walls are determined from the condition of their calculation for bearing

power.

8. Proportionate costs for inner and outer masonry walls which are fully buried
are determined from the nomogram in Fig. 102.
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Fig. 100. Nomogram for determining proportion-
ate costs forslab of precast reinforced concrete
cover Uy.p.c

Sample calculation. Determine proportionate
costs for slab of precast overhead cover of free-
standing class A-III shelter with a span 1 =

6 m; concrete grade 200; teg = 0.5; w=7; @& =
36 rubles/m®. Performing the computation in the
order indicated by the arrows, we will obtain
the proportionate costs, with consideration of
the factor ny = 1.1, equal to: Uth(f 26+1.1 =
28.6 rubles/m®. )

The thickness of masonry wall d can be determined by a calculation according to
existing formulas or from quadrant I of this same nomogram in relation to the
structure class, span of overhead cover and design resistance of masonry taken
from Paragraph 3.22 of SN 405-70.

The cost of walling also has to include the cost of structural reinforcement
based on an average of 10 kg-force of reinforcement per 1 m® of wall. Quadrant I,
II, V, and VI of the nomogram (see Fig. 102) make it possible to determine the
cost indicators of internal walls, while quadrants I-V do the same for outer
walls. Results for inner walls obtained from the nomogram are multiplied by the
factor ny, determined from the chart in Fig. 103.

9. [Iroportionate costs for inner walls of precast reinforced concrete panels

are determined from the nomogram given in Fig. 104 in relation to the wall thick-
ness, span of overhead cover, height of spaces, and the factors € and w. Wall
thickness for the given class of structure, span of overhead cover and concrete
grade can be determined from the chart in Fig. 105. In all instances here the
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Fig. 101. Nomogram for determining proportion-
ate costs for outer walls of precast reinforced

- concrete Uy-c- u

Sample calculation, Determine proportionate
costs for outer walls made of precast rein~
forced concrete elements for Class A-III shel-
ters with effective span 1 = 3 m; wall height

= 3 m; concrete grade 200, tees= 1; k= 0.5;

= 3.5; Cg"= 36 publes/m ; outer wall erim-
eter I= 96 m; protected area Fy = 540 m“. After
performing the computatlon, we w1ll obtain
Ugcr™ 6 rubles/m?.

minimum thickness of a panel is taken as equal to 10 cm. The factor ¢ is com-
puted from a well-known formula and takes account of the component's percentage
of reinforcement:
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Fig. 102. Nomogram for determining proportion-
ate costs for inner and outer masonry walls

Sample calculation. Determine proportionate
costs for erecting outer and inner masonry walls
for freestanding Class A-III shelter with a

, span 1 = 6 m; Rogx= 30 kg/cm?; wall height H =

- 3 m; walling cost C = 30 rubles/m®. The I, I1I,
V, and VI quadrants of the nomogram are used

- for inner walls. With n; = 1.1 the proportion-
- ate costs for inner walls will equal: Uy.p =

8 rubles/m?. Using quadrants I, II, V, IV and
III, for outer walls with structure perimeter
I = 100 m and F3 = 540 m® we obtain: Uy.u=

7 rubles/m2.
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Fig. 104. Nomogram for determining proportion-
ate costs for inner walls of precast reinforced
concrete

Sample calculation. Initial data: w = 45 € =
0.2; 1 = 6 m; CgP= 36 rubles/m®; d, = 0.3 m;
H=3mand ny = 1.1. Performing the computa-
tions in the order indicated by conditional
lines, we obtain Uyp.c= 8.8 rubles/m’.
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Fig. 105. Nomogram for determining cross
section of column and thickness of inner walls
of precast reinforced concrete

Sample calculation. Determine thickness of
inner walls of precast reinforced concrete and
cross—section of columns for a freestanding
Class A-1I1I shelter with £ = 0.330; concrete
grade 300; span 1 = 6 m. We obtain the answer
on the lower scale of quadrant IV (in all
cases the minimum wall thickness is taken as
equal to 10 cm). For determining the column
cross section, we take account of the span in
the other direction 1, = 6 m and obtain the
answer on the verticai scale of quadrant

IV dg = 0.65 m.

The values of w are found from the nomogram in Fig. 96 for design dimensions and
characteristics of materials obtained and used for inner walls. Results obtained

from the nomogram are multiplied by the factor n,, determined from the chart in
Fig. 103.

10. Proportionate costs for inner columns of reinforced concrete in relation to
the column cross section and height, span of overhead cover (in both directionms),
cost of 1 m® of concrete "on the job," the factor w and the factor €, which takes

account of percentage of reinforcement, can be determined from the nomogram given
in Fig. 106.

The dimensions of a column with square cross section are determined from the nomo-
gram in Fig. 104. The values of factors € and w are determined in conformity with
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Fig. 106. Nomogram for determining proportion-—
ate cost for inner columns of reinforced con-
cvrete Uy.x

Sample calculation. Initial data: w = 2.2;
dg = 0.65 m; £ =0.33; 1 =1 =6 m; H=3m;
Cs = 38 rubles/m®. With the calculation
sequence indicated by arrows, we will obtain
for these data Uy.x= 1.8 rubles/m?.

Paragraph 9. The proportion costs obtained for inner columns refer to the primary
space occupied, for which these costs must be multiplied by the factors nj, n3 or
ny. The values of factors n3 and n4 are determined from the chart in Fig. 107,
and the factor ni is determined in conformity with Paragraph 4.

- 11. Proportionate costs for erecting columnar foundations are determined from
the nomogram in Fig. 108 in relation to the dimensions of column cross sections
dg, the given class of protective structure, grade of concrete, standard pressure
on soil 6, multiplied by the hardening factor lcEjp , and the cost of reinforced
concrete "on the job" based on a reinforcement expenditure of 50 kg-force/m® of
concrete. The costs obtained, just as for the columns, must be multiplied by the
factors ny, n3 or ny, determined from Paragraph 10.

Proportionate costs for cortinuous footings in relation to the given class of
protective structure, standard pressure on soil with consideration of hardening,
footing height and cost of reinforced concrete "on the job" under inner walls are
determined from the nomogram in Fig. 109 (quadrants I~IV) and under outer walls
for structures with frameless arrangement and partial frame, from this same nomo-
gram (quadrants I-III, V and VI). The height of continuous footings is taken as
50 cm for a structure of Class A-I with a span of 4.5-6 m and with a span of 6 m
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Fig. 107. Chart for determining factors nj
and Ny

a -- For partial frame structures

b -- For full-frame structures

y -- Number of spans in length of structure
X ~- Number of spans in width of structure
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Fig. 108. Nomogram for determining proportion-
ate costs for columnar formations

Sample calculation. Initial data: Freestanding
Class A-III shelter; span 1 = lp = 6 m; cost of
concrete Cg = 43 rubles/m?; dg = 0.65; orphy’ =
10 kg-force/em®; concrete grade 300. Performing
the computations, we obtain Up.x= 6 rubles/m?.
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Fig. 109. Nomogram for determining proportion-
ate costs for continuous footings under inner
and outer walls Ug

- Sample calculation. Initial data: £reestanding
Class A-III shelter; footing height hy = 0.3 mj
arpky = 10 kg—force/cmz; cost of concrete Cg= 30
rubles/m®; n1 = 1.1 k = 5; 1 = 6 m. For foot-
ings under inner walls we use quadrants I-IV of
the nomogram and obtain the answer £xom the
scale of quadrant IV: Up.p= 1.6 rubles/m®. For
footings under outer walls we use quadrants
I-1I1, V and VI with consideration of wall
perimeter 1= 100 m and F3 = 540 m®. Ve obtain
the answer from the scale of quadrant VI:

Upow= 2 rubles/m?.

for Class A-II. For the remaining classes of structures, the height of continuous
footings is taken as 30 cm. : -

The value k (quadrant IV) considers the number of spans in a structure's length.
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The cost of footing under imner walls obtained from the nomogram must be multi-
plied by the factor n,, determined from the chart in Fig. 103.

12. Proportionate costs for constructing shelter entrances are determined as the
ratio of cost for entrances Ug.yx to the total protected area of the structure Fj.

Uyax ~ o (138)
Fa

Proportionate costs for entrances of various types can be determined from the

data of Table 32, which gives the relative change in percentage of total capital

costs for constructing one entrance with walls of monolithic reinforced concrete.

The capital costs equal to 1100 rubles for a blind entrance with door opening

width of 0.8 mand wall height of 2.2 m were taken as 100 percent.

Table 32 - Relative Costs for Various Entrance Types, 7%

Door Opening Width, m

Entrance Types 0.8 1.2
Blind, with stairway along
shelter wall 100 130
Blind, with stairway per-
pendicular to shelter wall 110 140
Through 145 175

Through, with two-chamber
sluice 270 360

Note. Entrance evaluation performed with respect to
walls of monolithic reinforced concrete 30 cm thick
with a cost of 1 m”° of reinforced concrete '"on the
job" of 25 rubles.

Costs for one entrance are additional, since they do not include the cost of over-
head cover and outer walls with foundations beneath them, which must be considered
in Paragraph 3.11.

The cost of airtight blast doors and airtight doors is considered in the calcula-
tion with a door cost equal to 321 rubles for 1 tom.

Approximate costs for entrances with walls of other materials can be determined by
using the table's data and by introducing corrections proportionate to the change
in cost of 1 m® of material "on the job." For example, capital costs for
entrances with walls of precast concrete blocks, the cost of 1 m® of which is
taken as 30 rubles 'on the job'" are increased by 20 percent in comparison with the
data given in Table 32.
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With entrance wall height of 3 and 4 m, additional capital costs obtained from
Table 32 must be increased by 20 percent and 70 percent respectively.

13. Proportionate costs for constructing emergency exits Uy.a.p aredetermined as
the ratio of the cumulative costs of exits to the total protected area of struc-

ture F3:
U
U ===t
Yo =5 (139)
[ ]

The tentative costs of an emergency exit from a freestanding buried shelter can be
taken as 450-500 rubles.

If an emergency exit is combined with one of the entrances, its cost is taken from
the data of Table 32 with the addition of the cost of 1 m of a full-passage
gallery with dimensions used in the plan.

l4. The space use factor kpy is an indicator of the economical nature of the
overall planning of a protective structure. It can be determined from the
following formula: FiF

s "1y

knn=T- (140)

vhere Fp is the structure's protected area occupied by industrial equipment which
is not dismantled when the shelter is placed in combat readiness;

F is the total protected area required by the norms for shelter capacity
provided by the plan.

Theoretically the shelter space use factor is kpp= 1. 1In actual planning, how-
ever, the positioning of individual shelter spaces andits engineering equipment
in a certain interrelationship makes it necessary for a certain increase in areas
above those covered by the standards.

An analysis of the most economical shelter design decisions indicates that the
minimum value of the space use factor kpy whichdoes not cause substantial degrada-

- tion in the shelter cost indicators may be 1.05 for structures where the entire
protected area F5 is used as primary and auxiliary.

Sample calculation. The technical-economic estimate of the protected structure
and a determination of proportionate costs for individual elements and the struc~
ture as a whole is performed using as an example a freestanding Class III shelter
of frame-panel design located on nonrocky soil. The number of spans equals five in
structure length and three in structure width.

The structure has outer walls of precast reinforced concrete slabs with continuous
cross section (teg= 1) with an effective span of 3 m and an inner frame of rein-
forced concrete columns with bay size of 6 x 6 m.

The height of spaces is 3 m. The overhead cover of flanged components made of

precast-monolithic reinforced concrete is continuous. Foundatiors under the
columns are columnar.
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Precast concrete of grade 200 (C 45 rubles/m® "on the job") and monolithic con-
crete of grade 300 (CM = 23 rubles/m ) has been used for slabs of the overhead
cover and foundation, tof= 0.5, $;= 1.8. The working reinforcement is Class A~III
steel (C, = 1080 rubles/m®)

Concrete of grade 300 (Cg = 45 rubles/ m®) has been taken for the collar beam,

A= 0.4, tos= 0.37, ty = 1, da= 2.2; for the columns 3= 1.5; tch= 1. The working
reinforcement for the collar beam is Class A-III steel, and Class A-II for the
columns.

From the nomogram in Fig. 96 we find w = 2.5.

Cs &y 231
- =——— = —= ],
The factor m ng tes 45-0,5
From the found values w and n; from the nomogram in Fig. 97 we find the factors
= 3.8 and n2 = 5.5. The sum of these factors will equal 9.3.

Using the found value of factors with nj = 1.1, we find from the nomogram in
Fig. 98 the proportionate cost of a slab of a precast-monolithic cover U =21
rubles/m?.

For determining the proportionate cost of the collar beam, the value w will equal
6 (see Fig. 96). With this value of w and,_ b =045 v, the proportionate
costs for the collar beam will be uy.p = benp 1/24

12.7 rubles/m%.

The cost of outer walls of precast reinforced concrete elements with horizontal
bending strain will be determined from the nomogram in Fig. 101. With w = 3.5,
tegs= 1, the effective slab span 1 = 3 m, the structure perimeter II= 96 m and a
protected area Fq4 = 540 m?, proportionate costs will be Uys«sM= 6 rubles/m?.

Proportionate costs for inner reinforced concrete columns will be found from the
nomogram in Fig. 106, Uy = 2.6 rubles/m?, after first determining the dimensions
of the column from the nomogram in Fig. 109; d = 0.65 m; w = 2.6 from the nomo-
gram in Fig. 96 and & = 0.33 from Paragraph 9. The cost for the structure with
full frame which is obtained must be multiplied by the factor 1.6, determined
from the chart in Fig. 107.

With consideration of the fact that the effective slab span for outer walls is
taken as equal to 1 = 3 m, columns are additionally installed every 3 m around
the perimeter of the structure and so the factor ny = 1.6 x 2 = 3,2. Then the
proportionate column cost will equal: Uy,=2,6:1,1.32=9,15 Rims,

Costs for erectlng columnar foundations, from the nomogram in Fig. 108, equal
= 6 rubles/m?.

With a doubling of the number of columns around the perimeter for the calculated
case, factor n; is increased 1.3 times, since the foundation of the additional
columns is calculated only for the lateral load. For this reason the proportion-
ate costs for columnar foundations will equal: Ugc=6-1,1.1,6.1,3=13,7 g m.
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Proportionate costs for constructing entrances will be determined from Paragraph
12: Upx

The structure has a through entrance with double-chamber sluice and one blind
entrance. According to Table 32, the cumulative proportionate costs of these

entrances equals: ”00.2,7,.*_“00_':1@(_)_;7 56=7.6 R/ M
Uynx= 540 w0

With this planning decision, an emergency exit is combined with a blind entrance,
and so is not considered in determining the proportionate cost.

Cumulative proportionate costs for erecting structural elements of a Class III
shelter frame with the conditional values of material and components' cost taken
in the example are 70 rubles/m2.

The actual cost must be determined in relation to the actual cost of materials and
components "on the job" with consideration of zone factors.

These costs do not consider the cost of floors, supplementary internal walls and
partitions, waterproofing, earthwork or finishing work. According to available
consolidated indicators of certain projects of a similar purpose, the cost for
this work, depending on the shelter capacity, may comprise 25-35 percent of the
frame cost for shelters holding 1,000 persons and up to 35-30 percent for shelters
holding 900 or fewer persons.

Takeing the costs for this work equal to 50 percent of the frame cost for our
example, we obtain cumulative proportionate costs for construction and installa-
tion work for erecting the shelter frame to be tentatively 70-1.5 = 105 rubles/
1 m® of protected area.

Considering the overhead expenses and planned savings, the cost of the structure
frame will equal 126 rubles/m?.
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Appendix 3 - Determination of Vertical Displacements of Structure with
Respect to the Ground

Vertical displacements of the entire structure or a portion (block) with respect
to the ground may be determined from the formula

107 pl{Fn.[ZiH, G ( Pl )] 2.7H, }
Zopy = — =5 1— a e 141
= ayFel @ avFe\ - a. ) (141)

where ZOT is the vertical displacement of the structure (block) with respect to

the ground, in centimeters;

p1 is the dynamic load, kg/cm® (see Paragraph 3.5);

a, is the propagation rate of plastic deformations in the soil, m/sec (see
Table 9);

vy is the volumetric weight of soil, kg/m‘:’_;

Fp is the area of the structure's (block's) overhead cover, m?;

F¢ is the area of the base of foundation of the structure (block), n?;

H, is the structure's height from top of overhead cover to undexrlying
layer, m;

G is the cumulative weight of structure (block) and embankment above it in
kg;

e = 2,718.

In determining the displacement of a portion of the structure (block), the value
Fj should be taken as equal to the area of overhead cover from which the load is
collected, which is transmitted to the foundation area of the portion of the struc-
ture (block) in question.

In a number of cases the result of a determination of the value Zory may turn out
to be negative. This attests to the fact that the vertical displacement of soil
particles is greater than the displacement of the structure or its block.

Example. Let us determine the relative settling of a foundation under a column
of a freestanding Class A-III structure with bay size of 6 x 6 m. We will take
the following initial data: py = 2 kg/em?; a1 = 200 m/sec; y = 1600 kg/m®;

= 36 m?; F¢ = 4.7 m?; H, = 4 m. Volume of concrete per 1 m? of overhead cover
Vg= 0.65 m®." Height of soil above overhead cover is 0.8 m. Weight of foundation
beneath column is G¢ = 12,000 kg-force.

In this case the weight of the struciure block will include:
Weight of overhead cover with an area of 36 m?;
Soil weight beneath overhead cover, column weight and foundation weight.
- The weight of overhead cover together with column weight will be found from the
formula
Gg = Yo Vo Fu,

where yg is the volumetric weight of concrete.

Gg = 2200.0,65-36 = 52 000 kg.
Weight of soil above overhead cover is Orp=1%irp Fq=1600.0,8.36 = 46 000 kg.
Cumulative weight of the block is 'g_ g4+ G,p + Gy = 52 000 -+ 46 000 |- 12000 = 110 0w kg,
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Let us substitute all initial data into the formula for determining relative

settling: C . 3.1600-4,7-4
. 1002 {ge_ 34 1106 (l_e— T )]_
o™ = 200.1600 4,7 {200 200-1600-4,7
"25;)4} =62,5{7,66 (0,06 — 0,073 (1 — ¢="*)] —0,054} = 5,7 cm.
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Appendix 4 - Determination of Overpressure in Shock Front and
Effective Time of Action in Explosion of Gas-Air Mixtures

Three action zones are distinguished in the explosion of a gas—air mixture (GVS)
(Fig. 110): Action zone of the detonation wave within the GVS cloud, action zone
of GVS explosion products, and action zone of the air shock wave. Parameters of
the GVS explosion (pressure in the front and effective action time of the shock
wave) depend chiefly on the zone in which the shelter will be located, on the
distance from the explosion center and on the composition of the GVS. The formu-
las given below correspond to averaged physical-mechanical and energy charac=
teristics of a stoichiometric mixture with air of hydrocarbon gases of the type
Cplly (methane, ethane, propane, butane, ethylene, propylene, pentane, butylene)
and an idealized schematic of the explosion (detonation) of a GVS cloud in the
form of a hemisphere with an initiated burst in its center.

Fig. 110. Schematic of explosion.
of a cloud of gas-air mixture
(Gvs)

1 —- Action zone of detonation
wave within GVS zloud

2 —- Action zone of products of
GVS explosion

3 —- Action zone of air shock wave
ro -— Initial radius of GVS cloud
r; -- Limiting radius of explosion

products' dispersion
N ! ol r, —-- Distance to center of GVS
\\—{-—/ . explosion

Zone of Gas-Air Mixture Cloud
3 —
The initial radius of the GVS cloud equals: r=17,5VQ, (142)

where Q is the amount of stored compressed hydrocarbon gases prior to the explo-
sion, tons-force.

i Acting in this zone is the detonation wave, with an overpressure in its front
constantly within the CVS cloud and taken equal todlpg= 17 kg/em?.

The effective action time 6 of the detonation wave is determined from the formula
0=0.47-10"" ro (1 + 0,4r/r), < rq, (143)

where ro and r represent the initial radius of the GVS cloud and the distance to

the burst center, in meters.

When the detonation wave reflects from an obstacle, with the component located

perpendicular to the direction of propagation of the detonation wave, pressure on
the obstacle exceeds pressure in the detonation wave front by approximately 2.5
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times and the effective action time of reflected overpressure is determined from
the formula

0=0,195:10"p, (14-1,28r/re), r<ro, (144)
where r¢ and r are in meters.

Action Zone of GVS Explosion Products

This zone is limited by the radii ro<r<r, where ri; is the limiting radius of dis-
persion of the explosion products (PV);

= 1,7 (145)
Pressure in the shock front and effective action time depend on the distance and
are determined from the formulas:

Apy = 13{re/r}*+ 0,5, ro < r<n (146)
0=2,110-"V (W/rg)s, ro<r<rn, (147)

where r and rp are in meters.
Action Zone of Air Shock Wave

The third zone begins at distances rz=r=17r. Pressure in the front of the air
shock wave is determined from the formulas:

; : ,
bpy=———————, Ry<¥’ (148)
“a(y 1+ meri—1)
O oo 149)
’ Apd,:._._&._—._ . R’> 2. (

Ry VigRy+ 0,158

In these formulas R, is the dimensionless radius of the shock wave; .
Ry =0,24ry/rg, ra> 1,71, ' (150)
where r, is the distance to the center of the GVS explosion. ’

The effective action time of the air shock wave is determined from the formula

2,5-10—*
0=-—A-—Ezﬂ‘ N (151)
or, after substituting the value Rz, fromqﬁ?e formula ~P¢"2
R (152)
Appra

In these formulas rpand ry are in meters and Ap¢ is in kg/cmz.

= Parameters of the GVS explosion in all three zones also can be determined using
the nomogram in Fig. 111.

Examples of Determining ¥.:ameters of GVS Explosion

We will determine from the nomogram and calculate from formulas the values of
overpressure in the shock front and effective action time in ali three zones in
the burst of a GVS cloud formed during destruction of a container holding 1500
tons-force of compressed propane.

From the upper left quadrant of the nomogram for Q = 1500 tons-force we find on

the ordinate axis the initial radius ro = 200 m. We will obtain the very same
results from formula (142): rome 175 ln/'l—tﬁ-;mo N
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Fig. 111. Nomogram for determining pressure
in the front and effective action time of
shock wave of a gas-air mixture burst in rela-
tion to the distance to the burst center and
amount of hydrocarbon gases in storage tanks

formula (143), 0=10,47-10~3.200(1 4 0,4-100/200) = 0,113 sec.

the detonation wave's propagation, with a maximum value equal to:
Aporp =2,50ps = 2,517 = 42,5k g Jem3,
and the effective action time from formula (l44) equals:
Ogrp == 0,195-10—%-200 (1 4 1,28-100/200) = 0,064 sec .,

In the GVS zone at a distance r = 100 m from the buret center, the action time of
the detonation wave with pressure in the front of App= 17 kg/cm? will be, from

The determination of 6 with r = 100 m is shown in the nomogram by arrows (1-2-3-4)
and we read the answer on the abscissa axis in the lower left quadrant.

Reflected pressure acts on a structure located perpendicular to the direction of

The action zone of explosion products is limited by the dispersion radius

ry = 1.7-200 = 340 m. The boundaries between the GVS and PV zones and between
the PV and action zone of the air shock wave (VUV) are shown in the nomogram by
vertical broken lines in the upper right quadrant and are continued in the lower
quadrant. The pressure Apgy acts at the boundary of the dispersion zone of PV

with r = r1 = 340 m, and its value from formula (146) equals:
Apy = 13(200/340) 4 0,5 == 3,15 kg /em?.

We will find the very same value from the nomogram (arrows 1-5-6) on the vertical

tive action time from formula (147) is g—2,1.10-%.200 V1,78 =0,168 gec.
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The sequence of determining this time is shown in the nomogram by arrows 1-5-7-8.

We determine parameters of the air shock wave with r; = 500 m in its zome of
action from formulas (148) and (152) with the dimensionless radius of the shock -

wave Ry = 0.24.2.0.0. = 0.6:

AI’;b = ! —= = 1,35 kg/cm¥;
Z 3(Vitpaoe—1)
’ 2,5-10—4-500

= —~———=0,258
0 150,68 8 sec.

In the nomogram the determination of fpjis shown by arrows 1-9-10, and that of 6 by
arrows 1-9-11-12.

Using the nomogram we can determine quickly the distance from the geometric center
- of areas with tanks of compressed hydrocarbon gases a shelter should be located
with a given pressure acting on it.
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Appendix 5 - Equivalent Static Loads from Effect of
Inertial Forces on Internal Components and Devices for
Fastening Internal Shelter Equipment

1. Inner walls and columns of shelters are calculated for normal forces from a
load transmitted from the overhead cover and for a horizontal equivalent static
load from inertial forces generated by displacement of element supports during
structure movement, and inner partitions are calculated for the load from inertial
forces.

2. Overhead cover of shelters which are intermediate floors are calculated for
the vertical load from inertial forces and separately for normal forces trans-
mitted from outer walls.

3. The equivalent static load qoipg Oon internal components from the effect of
inertial forces generated by the displacement of element supports during shelter
movement is determined from the following formulas:

For vertical elements (internal walls, columns, partitions)

Goxe = G fir Nyn Ra?’ (153)
For horizontal elements (intermediate floors which are overhead cover)
goxe = Ox (faNya by — 1)- (154)

Here Gy is the weight of a unit length (area) of the calculated component;

Jps Jp 1s the maximum pulse amplitude of acceleration of component supports,

m/sec? (indexes: "r" -- horizontal, "B" -- vertical;
is the coefficient of acceleration transfer to the calculated component;

ky; is the dynamic-response factor determined from the chart in Fig. 112 in
relation to wt, where T —— see formula (155), and w is the cyclic free frequency
of the calculated element.
4. The maximum vertical acceleration amplitude in "g" units is determined from
the formulas:

For freestanding shelters

. Ay vhAy
1,=;ﬁzzﬂ_(,_, " '). (155)
(Ant-hAg) g

where 1 is the build-up time of acceleration amplitude to maximum in seconds,
taken as equal to the build-up time of the load on the cover to a maximum value
determined from formula (19), Paragraph 3.6.

For built-in shelters APy 108 My L
Jom—2E__, my (156)
kAd,rg
where 1 is taken as equal to: 0.15 sec for Class V shelters; 0.09 sec for Class
a IV; 0.06 sec for Class III and 0.04 sec for Class II shelters.

In formulas (155) and (156) g is the acceleration of gravity in m/sec?; k*orp

is the reflection factor of the compression wave from the cover, determined from

the chart in Fig. 63; Op is the maximum pressure in the compression wave at the

level of the top of cover, kg/cmz; Apmax is the maximum pressure of the air shock
- wave on the cover of a built-in shelter, kg/cmz; k = F¢_’Vn is the ratio of the
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area F¢ of the foundation base to the area Fpp of the structure's cover; Ap and A¢
are the acoustical resistances of the fill soil above the cover and under the
foundation expressed by the formula A = aip, in which a; is the rate of propaga-
tion (m/sec) of elasticoplastic compression waves in the soil; p is the soil
density (kg-seczlm“) (see Table 9); mg is the structure weight per 1 m? of base
area, kgesec®/m°.

"y

14 : sl
2L ns

R

N

081

M/ N

04 t

ozt

¢ - 2] ',,‘ 5. A .88 W

' I

Fig. 112. Chart for determining dynamic-
response factor when calculating components
for inertial forces

1b -- For Case 1b
la —- For Case la

5. The maximum horizontal acceleration amplitude in g units is determined from
an approximation formula (without considering frict’onal forces on the founda-
tion base)

2Ac T
Pmax- 104 ( - T )
o= ——— \ I b, 157
Ie 24. g ¢ j ( )
where p is the maximum value of the horizontal dynamic load on a shelter wall

WaX .t the level of the mid-height of a wall, kg/cm? (determined in
accordance with paragraphs 3.6-3.7);
A. is the acoustical resistance of soil at the shelter walls, kg~sec/m3;
m. 1s the mass of the structure per 1 m?® of area of the shelter's vertical
face receiving a horizontal load kg:sec /m®; the mass of continuous footings
(under the walls) and freestanding foundations (under the columns) is not con-
sidered in determining mp.

The build-up time in acceleration amplitude to maximum is taken as equal to the

lesser of two values determined from the formula H
a '
T=
L (158)
Dy '
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where H is the shelter height, m;
L is the shelter dimension in the movement direction of the shock front, m;
a) is the velocity of elasticoplastic waves in the soil, m/sec (see Table 9);
Dy is the velocity of the shock front, m/sec (see Table 11).

A\
N |
' -'—\ A\
? ‘ \ [ed)

0 i - T
- o 62 4jeqq505081 2 3456810 XN ifa
Fig. 113. Chart for determining coefficient

of acceleration transmission to calculated
component

6. The coefficient of acceleration transmission to the calculated component is
determined from the chart in Fig. 113 in relation to the ratio of the half-period
(To/2) of the component's natural oscillation to the duration ty of the accelera-
tion impulse of component supports. The duration of acceleration impulse is taken
as equal to

- ty =21, (159)

7. Stressec arising in the parts of rigid fastenings of internal equipment to
components are determined from the formula

Psks = _Gi']vn knv- (160)
where G is the equipment weight;

j is the maximum amplitude of the acceleration impulse of a component in
the corresponding direction (determined from paragraphs 4 and 5 of this
appendix);

Nyr is the coefficient of acceleration transmission to the component to which
the equipment is fastened;
kn is the dynamic-response factor, taken equal to 1,2.
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8. Example. A freestanding shelter has plan view dimensions of 42 x 60 m;
height of walls (from top of cover to foundation) is 4.6 m; foundations under
walls are continuous footings, and under columns are freestanding; total weight
of the structure is 10,000 tons-force, including foundation weight (2,000 tons-
force). The ratio of the foundations' area to the cover area is k="Fa/Fu=025.
the soil is fill loam: ai = 150 m/sec; ag = 250 m/sec; p = 160 kg-secz/m“;

kg= 0.5. Embankment thickness is 1 m. For undisturbed load (under foundations):
ag = 700 m/sec; a1 = 350 m/sec;

p = 170 kg-seczlm“. Pressure at the front of a passing shock wave Ap¢ =
2 kg/em?; D¢ = 555 m/sec. It is necessary to determine the vertical and horizon-
tal loads and the equivalent static load on a reinforced brick partition with a
thickness of onme brick grade 100 with mortar grade 25, with a height of 360 cm.

Structure weight per 1 n? of base area 10 000- 10% 2,3
—— o 4 . .
=008l D KBrsec /m
We will determine horizontal accelerat%on in the direction of the shelter's lesser
side; consequently, the weight per 1 m of wall is . 8000-10° . .
e e ‘= 206 . 2/m3
My = (60-4,6)9,81 0 kg sec?/m>.
Let us determine the values included in formula (155) for vertical acceleration:
Om=bpy=2 kg/cm?; taking o,=15 kg/em?, from the chart in Fig. 63 with the values
Owlo.=25=133 and ﬂolﬂ|=?l'5‘0 —r7 ¥e find k*orp= 1.68.
From formula (19): [ ( 150')___

=— —_— 00! .
=15 0,003 sec

260

The soil acoustical resistances equal:

- Fmbankment and at walls A,:=A,==150-160=24:10* kg-sec/ma;

. 1,68:2-104
Under the foundation A,=350-170=56-10'kg-sec/m". =" J
- ¥=s 8 In=."2,4.10* 4- 0,25.6-10) 0,003-9, 81 X

Maximum vertical acceleration amplitude is = (2.440.25.6):10° gy :
P N—e 05 —~29,2(1 —0,748) = 7,4.

The amplitude build-up time to maximum for
horizontal acceleration in formula (158): 4,6/150 = 0,031 sec
“{ 42/555 = 0,076 sec -
The horizontal load on a wall:pg..=#keAps=05-2=1 kg/cmz. The amplitude of hori-
zontal acceleration in g units from formula (157) 1is
1108 _2:2,4-1040,031 - :
de= . ( Bk )=0.69(l—0,6)zo,28.
2-2,4.10%.0,031.9,81

= 0,031 seC.

, We take the hinged fastening of apartition in height. With a modulus of deforma-

tion of the masonry E = 0,8E, = 0,8 (1000-13) =~ 10 000 kg feom?
bh> 1 .25 :
— —— i —— 4
= TR 2 1300 cm

nd 100001300
3 i i — —— ————— =43 ~1
Oscillation frequency is =g ‘/ 00 10 gec
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(here 40,7.10-

. 2
ukg__sgz is the linear mass of the partition).
oM

Duration of the horizontal acceleration impulse from formula (159) equals

'“=22',,=2‘2°.'§3{T°'°62 sec. The natural oscillatoif)& period of the partition is
To=—= ——4:;—=0.145- With the ratio Tu2ta=—"--=118 we find from the chart of
Fig.?113 The coefficient of acceleration transmission to the partition nyp= 1.5.

The dynamic-response factor with @r=43-0031=133 from Fig. 112 (curve 1lb) equals
k= 1.2,

The weight of a unit length of partition with ywa=16-10-* kg/em® is

Gy=1.25-1,6-10-=004 kg/cm. From formula (153) the equivalent static load per unit
length of partition with width of loaded zone b = 1 cm equals:

Goxs = 0,04-0,28-1,5-1,2 = 2. 10~ geg Jemt.
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Appendix 6 - Determination of Optimum Percentage of Reinforcement

When calculating bending precast and precast-monolithic reinforced comcrete com-

= ponents of protective structures for a special load combination (for Case la),
the optimum percentage of reinforcement of components lppr is recommended for
determination based on values of the factor ogpr, obtained from the nomogram in
Fig. 114. - R

Hont '-‘-,u)an . (161)

With p=pons the sections of reinforced concrete elements will be most economical
for cost figures. The following notations are used in the nomogram:

» Ry —— Strength indicators of materials (concrete, steel) from tables 9 and

11 of SN 405-70. The strength of the compressed sectional zone of concrete is
taken in calculating precast-monolithic components;

C, is the cost of 1 m® of reinforcement (on the job) (with the construction of
reinforcement cages and meshes and their placement);

Cgis the cost of 1 m® of precast concrete "on the job";

®5 is the reinforcement use factor equal to the ratio of the weight of all the
element's reinforcement to the weight of the longitudinal working reinforcement.
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Fig. 114. Nomogram for determining optimum value of coefficient a

Tentative values of coefficient ¢, can be assumed: 1.4 for precast slabs of con-
tinuous sections; 1.5 for hollow slabs; 1.8 for flanged slabs; 1.6 for collar

beams with rectangular sections; and 1.6 for continuous precast-monolithic slabs
of overhead cover; tc§ is the section coefficient of a precast element determined
from the formula ls= ~— ,

bh (162)
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where F is the area of concrete in the element's cross section;
b is the width of the concrete's compression zone;
h is the height of the section.

For components with a continuous rectangular section tgg= 1; for T sections with
a flange in the compression zone, and for hollow sections tce<l; for T sections
with flange in the tensile zone tgg>l. :

In precast-monolithic overhead cover the collar beam section in the span, when
determining tcg , should be taken in the form of a Tee with width of the sec-
tion's compression zone equal to by (flange width). The optimum percentage of
reinforcement found from formula (161) relates to bp.

Curves for determining optimum values of the coefficient agpr are given for
different values of the parameter k, determined from the formula

_Cou
= Coles (163)
where Cg,,is the cost of 1 m® of monolithic concrete "on the job." In deter-
mining the coefficient agny for precast reinforced concrete cover, the value of
coefficient k is taken equal to 1.
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Appendix 7 - Charts for Determining Dynamic-Response Factors:
Basic Symbols

Solid curves —— dynamic-response factors for displacements of supports kgn;
B Broken curves —— dynamic-response factors for displacements of spans kgp;

k, —-- dynamic-response factor for displacements;

kr?,‘n ~- dynamic-response factor bending moment of supports;

kﬁp -- dynamic-response factor for bending moment of spans;

@ -— effective action time of shock wave [formula (17)];
; wj — cyclic natural oscillation frequency;
mli‘ —— cyclic natural oscillation frequency of central spans of continuous beams;
w¥ -- cyelic natural oscillation frequency of beam with one hinged support and the
other support fixed (end spans of continuous beam);
B, —- factor determined from formula (107);
8, —— factor determined from formula (112),
N 197
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Fig. 115. Fixed beam. Class A-I, A-II, A-III
steel; w16 = 25
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Fig. 123. Continuous double-span beam with
supported ends. Class A~I, A-II, A-III steel;

w3l= 25
Kn L)
1 ;i L_.., o HH
g (f’,——l o <q77 ah | 126 A<t
ﬂ =i\ T § A\ =
e n PANALY
2HT H 2|z
g6 08 {0 pxl - 4 08 10 1287
Kn Kn
wHEH ! 10—\-1[, .
8 N=Tarrep <107 n} ‘“;J,',J:,y,qse
6N : 6 W 3
¢ ‘: 4 \JI\‘
2B 2 FEEREER TR
a6 68 10 12wy 05 08 10 I,ZN‘:"
" P
U/ w
- 8 [ 8 [ Re L.
= 107¢4,<12 LN insec g €106
5 (Nt s Nk
4 B N 4| 4,\’
212 NN 444 z.;,l ~ P+

g6 88 40 pzA™ 45 48 0 12Ky

: Fig. 124. Continuous double-span beam with
- ’ supported ends. Class A-I, A-1I, A-III steel;
11)'2'0== 50

202

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

Kn
- . o
. /Z _T\?‘H
as<g<an P ‘?,%"kﬂ'q”
- (P— 3
k) ‘K RT3 I
= 2 e te
1287 06 8 10 12a*
Kn
/A -]
8 \Sslarpy< 100 AT
- § ] 5 I\= &ﬂl
FARLY
4 N N L] 4 9
Al inan B 2 HHHED
g 48 10 1zx™ 46 4§ 10 [ia™
n ! Xy N .
1 - Vi ;Eﬂ
8 B Huorc gyene 8 N X isvep e 106
§IENP 5 B\S e
3N
‘ X b 0 -
- 2T 2 T

06 Q8 10 iZzmr 45 M 1D loky
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Fig. 127. Continuous double-span beam with
supported ends. Class A-IIv, A-IIIv, A-IV,
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Fig. 139. End spans of continuous triple-
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Fig. 173. Second span of continuous five-
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Fig. 175. First span of continuous five-span
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beam. Class A-IIv, A-IIIv, A-IV, A-V, At-IV,
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Appendix 8 - Sample Calculation of Basic Elements of Freestanding
Buried Protective Structure

Given the calculation for bearing power (Case la) of basic elements of frame-
panel construction with soil fill over overhead cover 80 cm thick to the effect
of loads from a shock wave with pressure at the front of Ap = 1.5 kg/em? with
effective time of action 6 = 0.8 sec.

The structural-design decision of the structure is shown in Fig. 179.

] . 2
L s e AT
=1 ===~ - T __.___1.1._-7L.‘ _\_.. pooe 3
+43 [
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- . .
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Fig. 179. Schematic of structural-design
decision of shelter (plan view)

1. Columns

2. Slabs

3. Wall panels
4., Collar beams

Determination of Effective Loads

In accordance with paragraphs 3.1-3.3 of SN 405-70, we draw up a special load
combination on the overhead cover.

The load from the earth fill is grp = figse Yrp = 80-1,8-10~% = 0,144 lgfen.

The load from the components' own weight with a previously assumed thickness of
the overhead cover slab equal to hpy= 25 cm is

Gen = hon Yo = 25-2,5:1073 = 0,063 kg/cms,

The cumulative static load equals: 4 - Grp -+ e =0, 144 + 0,003 ~ 0,21 kg /omt,
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The equivalent static load from formula [41(4)] of SN 405-70 with kp = 1.2 (see

Table 15) equals:
Goxo = ky 8p=1,2:1,5=1,8 kg/eu?,

The special load combination is
P=ger+ Gonn = 0,21 -+ 1,8 = 2,01 kg fem?,

Calculation of Overhead Cover Slab

The overhead cover of a precast-monolithic component is being designed. Slabs
with a flanged section covered above by a layer of monolithic concrete are taken
as the basic bearing elements of the overhead cover. The slabs are placed with
10 cm intervals filled with mass concrete having reinforcement (Fig. 180).

" bp=850 The design schematic of the slab is a multispan con-
“‘5\ - . tinuous beam component with identical spans.

The effective span of the slab is taken in accordance
with Paragraph 3.34 as equal to 530 cm; width of the
L precast slab is 75 cm; grade of slab concrete is 300;
Ry= 160 kg/cmz; grade of monolithic concrete 200;

V24 Ru= 100 kg/cmz. In accordance with Paragraph 3.22,

1 7./}

o ky =1.2; ke = 1.1,

H=400

—

- Fig. 180. Design section The longitudinal working reinforcement is Class A-TII
- of overhead cover slabs steel; Ry = 3400 kg/cm®.

1. Precast flanged slabs

e L s te ending moments:
2. Monolithic concrete et us compute the b 8 en

In the end spans MP=k, pi? =0,078-2,01530° = 4 41- 10* kg ox;

Above the second supports from the end Ms=—kpplt=—0,105:2,01-530% =6,93.10¢ kg.cn.
Here kp represents the tabular coefficient for bending moments in continuous
- - beams;

On central supports Mq= — kppl®=—0,079.2,01.530% = 4,46-10¢ kg cm;

In the second span  MP=0,033.2,01:530% = 1,88.10* kg cm;

In the third span  M3P=0,046:2,01.5302=2,6.10! kg.cm,
We construct moment diagrams (Fig. 181). We perform a redistribution of stresses.
We reduce the value of the support moment by 25 percent above the second support
from the end to equalize it with the moment on the central support, for which we

add a triangular diagram to the moment diagram (Fig. 181b) with an ordinate above
the support of +1.5-10“kg'cm.

The moment diagram obtained as a result of stress redistribution is shown in
Fig. 18lc.

Let us determine the effective section height for the moment in the end span after
- stress redistribution: M;=25,04-108kgcH,
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Fig. 181. Moment diagrams for slab

a. Before redistribution of stresses

b. For redistributed stresses above
supports

c. After redistribution of stresses

In accordance with Paragraph 3.41, we assume ofP= 0.36.

The effective section height of the slab equals:

e l/___w___
°=V a(l—05akyRuke

‘/ 5,04. 104
= ~ 37 cM,
0,36 (1 —0,5-0,36) 1,2:100-1,1

In the first approximation in Table 19(10) of Paragraph 3.24 with oj =100 sed lye
take the dynamic hardening factor of reinforced steel to be ky = 1.3. With con-
sideration of the work condition factor my = 1.1 (see Paragraph 3.23), the
effective dynamic resistance of longitudinal working reinforcement is

Ry =my kyRy=1,1.1,3-3400 = 4870 kg/om,

232

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

The design resistance obtained is less than the tensile strength with a static
load equal to 5,000 kg/cm?.

We determine the reinforcement factor in the end span by using formula (8) of

SN 405-70: o ) by by R, .36 1,1-1,2:100
Hop=%ms oy T 4870

~ 0,01.

From formula (77) we determine the rigidity of a T-section slab with flange in

the compression zone for the span:
] i

Enp = wz — = 0,3[9-:
1,8 8 ——————— :
+ 10npap L8+ 10-7,65-0,01
12— 0,58np 1—10,5-0,319 -
Brp = 1,8np, 1,8:7,65.0,01 0,58;
1+ ——&E |
: Sup 0,319

B = E, ', b3 B =2:10°-0,01 +85-37%0,5688 = 5,05-10'0 kg-cu?

We calculate that the amount of compressed reinforcement (Ra;c) below in the
support section equals: )
Fl=0,5b, hg iqp = 0,6+85:37:0,01 = 16,8 o,

We take agp= 0.4 for the support. The width of the flange of the T section in

the compression zone on the support must be at least

M°" b, — R, Fa(lhg—a)

ky ky Ry g (1 —0,5a)

_ 4,43.104.85 — 3400-15,8 (37 — 3)
1,1-1,2.140.372.0,4(1—0,5-0,4)

bnp'-=

= 24,2 cM,
We take the width of the T section flange to be 30 cm. With a width of the pre-
cast slab legs and space between slabs 10 cm each. The value n for the assumed
T section is determined in proportion to the dimensions of the precast slab legs
(grade 300 concrete) and the monolithic space (grade 200 concrete) and equals:

B _ 210 =672
TEP  Ms3,15-108 4 132,65-108 e

ﬁ—o g Lube1.2:140
Hon = Gom oy =707 " 4870

=0,0153;
- '
ton = — = 0,365;
1.8+ 75.6,72.0,0163
__ 1—0,5-0,%5
‘ Pon = ! ,8:6,72.0,0153
o 0,365

=0,635.
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From formula (77) g0 = E, 1, b, 48 B, = 2-105.0,0153-30-37.0, 636 = 2,60 kg -cu,

We find the ratio of rigidity at the support and in the span from formula (129);
. B 2,60-100
B% = 5,08- 108~ %"
The factor k; from formula (117) equals:
0,26+ 0,74-0,5 -
b= 078 0,420,

B =

0,8.

For end spans /7 =08.k,=0,64,

We find the component's natural oscillation frequency from formula (71):
20,7 5,05-1000 - - -

ot e e = 120 1 .

“ =50 ¥ Lm0 0 1kec

where Ger _ 0,144-85 4 20-85.2,4:10~3 4 20.24.2 4. 10~
P

m=

981 = 1,78:10-" kg-gec? /cm?

The dynamic hardening factor of reinforced steel from the chart in Fig. 76 equals
ky = 1.32.
Yy

, The moments from a linear static load with consideration of stress redistribution
are: . : -

R
In the span M = 0,125, 1 (""" T) =

. |
7_-0.125-0,'21285-530-(1 -"—f—)=o,44-mo Kgoou

At the support M =0,i26G,, 'K = 0,126.0,21-85.530%.0,64 = 0,40-10% L -ou;
Moments of internal stresses are:

In the span MEP = R iy, by ) (1~0.50,,) = 950.0,01185.378 (1 — 0,5.0,36) = 4,62.108 kgacw;
At the SUPPOTE MEn — RY oy by H) (1 — 0:5,,) = 4950.0,0163.30.373 (1 — 0,6.0,4) = 2.5, 108 kgsom:

Moments of internal stresses with the subtraction of static moments are:

In the span MP = MEP — by M™ = 4,62-108 — [,32.0,44.10° — 4,04.10 kg.cm;
; At the suppoTt pgjen_ pen_cg pon=2,6.105— 1,32.0,404-10° = 2.10° keigocm

The ratio of moments equals: /ng" 2.108

We check the dynamic strength conditions [formula (132) and (133)]. For this we
compute the moment from the dynamic load at the support:

M3" = 0,1258p0, ey _ 0;125.1,5.85-530%-0,64 = 2,88.10% kg-cM

and the dynamic-response factor for the bending moment for the support:

Ton
o200
M Mo 2,86-100
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For thie value k3@ and with the values Bri=05, PB2=0,6 n w36=120-0,8 ~ 100
from the chart of Appendix 7 we find k§P= 5; K[P= 4.8. From Table 30 we find

k8ﬂ= 1.44 and k}él = 1.4,

Check for fulfillment of strength condition. The limlti%g expansion angles in

hinges of plasticity from formula (58) are ['4’""—0 035 - 2 — 0,0433; 42" = 0,0425.
bnp !

The expansion angle in the hinge of plasticity is:

ApP KT 1,5.85-530:5 ‘
At the support from formula (120 : ' — 1 77.10—2 on _
i R [106,8B" 106.8-5,05-1_010"‘l'77 107" < 0,5,
=2,125:10~%;

In the span from formula (121)
3 4np
L befeP 1585500048, 10—"<\p',‘,"=433 0,
Y= 44809 44.5,05-10%

 The found parameters of the slab satisfy stremgth conditions in the span and at

the support.
Third Span
All central spans of a continuous multispan slab are designed for a third span.

We reduce the reinforcement percentage in the third span in comparison with the

first and assume: 0. 000: 0.009 4950 = 0.335:
Bop = 0,005 @me =B 2100 —
Enp = == 0,305;
L8+ 7,55.0,009
. 1 —0,5-0,305
=— s (0,626
Bup . 1,87,55-0,009
0,335
B™ = Eq Ppp by hig Brp= 2 105.0,009,85+37°.0,626 = 4,86-10'0kg -’

The ratio of rigidity at the support and in the span

from formula (129) L 0,269+ 0,731-0,516
137 70,46 -+ 0,64.0,516

k! 5 =0,948-0,91 = 0,855,

Moments of internal stresses equal:
MIP = 4950.0,009.85-37* (1 — 0,5.0,336) = 4,37.10% kg .om;

M3"=2.5-10“ kg'cm (as in the first span).

Moments from a linear static load with consideration of stress redistribution:
- 2 n

Ges  (3—201.)

Jev A\ el

In the span M = o
. . i — o ’
_0.21-8 5302(43 2:0,8%) _ 4.968.100 kgecm;
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At the support Mon=77n Hla _ 0,21.85-6308.0,855
ot 12 12

=0,355-10¢ kg .cM,

- Moments of internal stresses with subtraction of static moments
WGP = MGP — M k= 4,37.10°— 0,268.10%1,32 =

=4,02-10% kg -cu; -
Mg = MY" — M3 by =2,5-10°—0,355.10°1,32 = 2,03-100kg: cm,
The ratio of moments equals: —on
B e = 2T 0,505
M 4,02

The moment from the dynamic load at the support

M5" == 0,8350pb,, I* k! 5 = 0,835-1,5.85.5307.0,855 = 2,50- 10° kg -cn

and the dynamic-~response factor for the support M
kl’)ll i

For this value k@@ and with the values pi=0515; p2=0506; w0: =100 from the chart of
Appendix 7 we find #9"-=7" and #jP=7 From Table 24 Y =1,26.

Check fulfillment of the strength condition.

The limiting expansion angle in the hinge of plasticity at the support from
formula (58) . 0.003 0510~
on _ b 1070,
Po'=10,035 - 04 4,

! From formul 110 .85.5308.
s ula (110) o, 1855007 _\ \\ 101 o gyon g 196102,
192.4,86-10' .
0,003 )
In the span np —— =4,4.107°,
P = 0,035+ 535

F From formula (111) _ 1,5-85.530°-7 —2,9.10"2 < P = 4,4.1072%,

np
¥ ="56.4,86.100

We perform the calculation for lateral force. The greatest value of lateral force
will be at the face of the second support in the first span. From formula (46)
with consideration of expression (127)

[ 630 -
Q = 4G Brby 5+, k0,605 (p., + pr,) by | =1,44:1,6:855~+1,1-1,2-0,605 (0,068 + 0,144) 85.530 =5 55. 10¢ 1 o

We check the slab section for condition (10) of Paragraph 3.37:
Quun < 0,36RY by bgi 5,55 > 0,35 (1,1-1,2-140) 30.37 = 7,2-10¢ kg,

Condition (10) is satisfied.

The calculated value of the transverse force from formula (68) equals:
Qp = Q1— 0.80p5, Co— 0,5 (pey -l pip) bn Co.
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We first assume the length of the projection of the nonoptimum oblique section
Co on the element's longitudinal axis to be equal to 40 cm from the condition of
the extension of a diagonal crack in the section at an angle of 45°.

Then the calculated value of the transverse force equals:
p = 5,55/10'—0,8-1,5.85-40—0,5-0,21-85-40 = 5,1-10* kg.
We determine the value of th% limiting stress received by lateral rods:
Qn ’ (5,1-10Y

. = = 575 .
ORI R 0.6 (L 1z kg/cH

©=

From formula (67) of SNiP II-B.1-62* we refine the value

0,15RY, bl 0,15-1,11,2:140-30-372
w V- 575 -

45 cM.

Co=

We keep the previously assumed value Co. We find the sectional area of lateral
rods per 1 m of the component's length:

__575-100

. *7 2700.1,32

The lateral reinforcement is placed in and between the flanges of precast elements.

= 16,2 cM3,

- We perform a check of the support section for shear stresses arising in the hori-
zontal plane where precast slabs are connected with the layer of monolithic con-
crete placed above from formula (69).

= ._g"_.._..s'_l:l?i.= 18 kg/w:.

In accordance with Paragraph 3.40 kpop= 0.8 for precast elements with a processed
surface. Inasmuch as the grade of precast elements is 300 and that of monolithic
concrete 200, we assume the average value of prism strength to be

- 130 4 80

Rnp = 2
From formula (70) the calculated shearing strength of concrete along the joint is
{1] = 0,26Rnp #non = 0,25:105-0,8 = 2] kg /cus,

Since t<[t], the joint's shear strength is sufficient.

=105 kg [cms.

Calculation of Overhead Cover Collar Beam

In accordance with the accepted structual design schematic, the collar beam
represents a triple-span continuous beam. The collar beam's performance at inter-
mediate supports as a continuous component is ensured by placement of necessary
reinforcement in the layer of monolithic concrete. The concrete grade in the pre-
cast portion of the collar beam is 300:

Ry =160 kgleM® ky=1,2; Rk =1,1,

The collar beam's cross section in the span is shown in Fig. 182. The effective
width of the collar beam's flange (width of concrete compression zone in cross
section) is assumed equal to 270 cm in conformity with Paragraph 7.18 of SNiP

- II-B.1-62%,
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Fig. 182. Calculated section of collar beam
in the span

1. Collar beam of precast reinforced concrete
2. Precast reinforced concrete channel slabs
3. Monolithic concrete
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N
".,”7
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Fig. 183. Moment diagram for beam

a. Before stress redistribution

b. Redistribution of stresses above
supports

c. After stress redistribution

We designate the effective span of the collar beam based on the condition of the
previously assumed column section of 70 x 70 cm.

The cumulative load acting on the collar beam equals:
- Pour = Plun = 2,01-600 == 1206 kglex,
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Considering the collar beam's own weight ppy = 1220 kg/cm,

We compute the bending moment:

In the end spans M = kam-' 12 =0,08-1220-530% = 2,74+ 107 K8.cx;

Above the second supports from the end
M3 =— k, ppyr I =—0,1:1220-530% = 3,43:107 kgeém;

In the second span MEP = 0,025.1220-530° =0,86:10" kg-cu.
We construct moment diagrams (Fig. 183). We perform a redistribution of stresses.
We reduce the magnitude of the support moment above the second support from the
- end by 15 percent in order to equalize it with the moment in the first span, for
which we add a triangular diagram with ordinate above the support of +0.5'107kg'cm
to the moment diagram (Fig. 183b). The moment diagram obtained as a result of
stress redistribution is shown in Fig. 183c.

We determine the effective height of the collar beam's section for the moment in
the end span after stress redistribution:

M;=2,95.10" kgreu,

We set the reinforcement area in the span and at the support as F, = 75 cm® and
provisionally assume a dynamic hardening coefficient of reinforced steel ky = 1.3
with w = 100 1/sec:

RY=m, kyR,=1,1-1,3:3400 = 4870 kg/eu".
My 2,95:10

Hy = = = 90 oM,
F, sz 75.4870.0,9

Determine the component's reinforcement factor in the span:

Fy 75
=t = —2— =0,0031;
o = T, T 27000
pefa 2V00 7,55;
Eg  2,65-108
- . 1
snp = T =0,16l;
1,8} ——
10-7,55-0,0031
{ - 0,5-0,161
o e 2 ), 733,
Py .y 1:8:7.55:0,0031
- ' 0,161

Find the rigidity of the collar beam in the span
Bup = 2+100.0,0031-270.907.0,733 = 0,9- 1012 kg -cm?

Determine the component's natural oscillation frequency from the formula

18,5 B"p 18,5 0.9-|0”
w2 g 2 -
o= ‘/ == .‘/ 4 - =167 1/sec,

= _ 0,21-600 4 70-50¢2,4.10~"
- 981

where
=0,14 kg* sec?/cm?
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The dynamic hardening factor of reinforced steel from the chart in Fig 76 equals

ky = 1.35.
Determine the collar beam's rigidity at the support:
75
Pon = 70.90 =0,0119;
Eon = L N =0,342;
"8+\ 10.7,55.0,0119
1—0,5.0,342 .
Pon = L+ 18.7.65.0,0110 000
0,342
B°" = 2.10°%.0,0119-70.90%.0,563 = 0,685- 10'* kg-cm?,
The ratio of rigidity at the support and in the span equals: 0,685- 1012

v 90w =07

0,2640,74 f, 0,26 }-0,74-0,76

The factor ki equals: &= = = 0,916;
© tactor k2 equ 1 0.57840,422p, 0,578 1-0,422-0.76 ~ 001%
kY =0,8k,=0,8:0,916 = 0,733,
Determine moments of internal stresses:
; In the span a,,,,==0'003]“'35'1"'3400)=°.“3;
1,1-1,2.100
MUP = 5050.0,0031-270-90% (1 — 0,5.0,118) = 3,2.10" kg -cx;
: 0,0119.5050
At the support h= > —0,285;
t,1-1,2-160

MS" = 5050.0,0119-70-90 (1 —0,5-0,285) = 2,89-107 kyrem.
Moments from the linear static load are:

0\
) . /0,733 _
In the span Mgg_—.o.lzs(n ‘T) gp (* = 0,125 (1 = =7 ) 137-530°

=0,322:10" kg -cm;

At the support ;
PP MO = 0,125 K% g, £=10,125.0,733.137.530" = 0,354 107 kg -cm.

Determine the internal stress moments with subtraction of static moments:

In the span Mg’ = MP —k M = 3,2.10" —1,35.0,322-10" = 2,765+ 107  g-cm

At the support A" = Mg" —k, M2" =2,89-10 —1,36.0,354.10" = 2,4-10" g rem.

The ratio of moments equals: 2,4-101

0,867
= 9,765,107

Compute the moment from dynamic load at the support
My" = 0,126 [y, £ Ap A3« 0,1.1,8-600.580°.0,783e08,31 107 Iz -cu,
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The dynamic-response factor for bending moment for the support equals:
aon

M 94400

;1-:'1"‘2,31401 = 1,04,

k:" =

With the values Pi=0,76;.B1=0,867; ©§0=167-08=1336>100 we take J0="500 and k%' =14,
and find from the chart of Appendix 7 M3y kP ~35.

From Table 28 we find k%“= 1.45.

The expansion angle equals:

At the support ‘¢°"=0,035+L—- =4.55-IO"2;
n 0,285 . !
1,5-600-530%-3
on _ O Y o .10—2 on,
v .106,8-0,9.101 0,422-107 < 0,6%"
In the span P — 0.008 _ 61072
p W -°'°35+o,ns 6-107%;

1,5-600-530%-3,5

wl‘lp= 44.0.9.100 == l;l9||0_2 < ’3’:’.

Calculation of the central span of a continuous triple-span collar beam is per-
formed in a similar manner.

Calculation for Lateral Force

The greatest value of lateral force will be at the face of the second support and
equals:

! sy 540 : 540
Q= kY Aply, —2'1 Fheky (Pey p,,)—;- =1,45:1,6-600-—~ + 1,11 ,35-137-70 = 4.108 kg,

We check the collar beam cross section for the condition of Paragraph 3.37
Q=0,351,1-1,2-160.70-90 =4,65-10% kg.
The collar beam's section satisfies thg strength condition for transverse force.

We find the design value of transverse force from formula (68):
Q=Q—0,8 Aplya Co — 0,6 (Pe.s 4 Prp) Co

We assume the value Cy; equal to 90 cm;
Qp=4-100—0,8:1 ,6:600.90 —0,6.137.90 = 3,4:10¢ ik g0

We determine the value qg: (3.4- 1000

= s = = 1620 kg /M,

=TT 2 1607000 L 0 K8l
We refine the value Cy 016 1.1.1.2.160.70 90' : )
C'=l/ T = 106 .

We keep the previously assumed value Cyp.

241

nATN ATTTATAT TIQRR ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300100023-2

FOR OFFICIAL USE ONLY

We find the sectional area of lateral reinforcement:
. 1620100

= u
£ = 2700.1.3 =44 ,4 cN?,

We perform reinforcement of the precast-monolithic collar beam in the following
manner.

Five reinforcement cages with double working rods are placed in the collar beam's
precast portion. Three reinforcement cages are led into the layer of monolithic
concrete from the collar beam's precast portion.

Reinforcement is placed above the support in the layer of monolithic concrete.
We asgume the lateral reinforcement to be 16 mm with a spacing of 20 cm (F, =
50 cm?®).

Calculation of Inner Column

The protective structure is located on soft soil. Loams serve as the base under
the foundation.

The density of the loams p in conformity with Table 9 is assumed equal to
170 kg-sec?/m"; the rate of propagation of the compression wave is 350 m/sec;
grade 200 concrete; Class A-1I reinforcement.

From formulas (48) and (49) we determine the parameters q1 and r:
- agpFp -1
[ om sec .

We tentatively determine the foundation area beneath the column, assuming
standard base soil resistance of 2.5 kg/cm? with consideration of paragraphs
3.13 and 3.27: Fo= by Aploa Ip + ger bna ’p=
[orp) Ry
_ 1,2.1,5.600-600 + 0,21-600-600

2 5.5 = 58 000 cM?.
We take a foundation height of 1.5 ™ and a column height of 2.6 m.

We find the cumulative weight of the structure's cell of 66 m in plan view from
which the load on the column is collected:

m=m¢+m,‘ +mn:
70:70:200-2,4:107 o o gec?/cm?;
81

240.240-150-2,4-10~"
ETTT e

m,, == 84 krc-c3en?; my =

=212 kg-seczlcmz;
m=108,3 kyg-sec?/cm?;
350.10%.170-240?

',;l e e e == | sec™! .
2-108,3-10%
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We find the factor r from the formula

Loy £350.10% ,
R = —_——] = —~1'=2,83.
r ‘/-qlD ! 16,0240,
From the chart in Fig. 69 with r = 2.83 and the value 067,=08.16=128 we find
k=117
= 117

The design value of the normal force acting on the column, from formula (50),
nust be Np<N,, where Np=Nyy+1,2N,,. We take the buckling factor equal to 1;

A 5
Ny = by, 1 kY Ap = 600-600-1,17-1,6 = 6,3-10 kg ;
Ney = oz lnn Ip = 0,21.600-600 = 0,756 108 kg;
Np=16,3-1084-1,2-0,756-10t =7,2-10° kg,
We determine the requisite area of compressed reinforcement:

Np—kykeRopFg__ 7,2:100—1,2-1,1+130-4900
Reo 2700

Fy= <0.

Column reinforcement is accomplished structurally in accordance with Paragraph
12.13 of SNiP II-B.1-62%.

Calculation of Foundation under Inner Column

The foundation area with a centrally applied load on the column is determined

from the formula
Fo= N =7—2'—“-)-5 = 5,8:10% cm3,

The side of the base of a square foundation equals:
, a=V'5,8:10 =240 cm.

We assume a double-benched foundation. Width of the upper bench is 150 cm.

We determine the tentative foundation height based on the condition of the
column pressing upon it.

Grade of concrete for the foundation is 200.
7,2-108.

= 130 cM.
2.140-20

Hp =

We determine the sectional moment for the column face:
_ RYa(a—b,)" 12,5200 24070y

=0,87.107 kg -cM.
M 8 8 ke
We determine the requisite section of stretched reinforcement:
Ay = :" = 0,87-107 = 0,028;
¢ bhy R} "150.126%1,1.1,2.100
'f.=0,98.
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We find the cyclic natural oscillation frequency of the foundation with consider-
ation of the added mass (overhead cover, columns):

ks
.,=‘/;'-; ky == Cy F;
E 1

Cz“:-l_p‘.""""‘;

V F
#ge=1,14; Fe=28,8-100 cus, B = 1000kg ,cut;
# == 0,38;
C,=1,14 1000. = 5,4 kgcu?;

(1—0,39}V 58100 ~
ky=5,4-5,8:100=3,14.10% kgjcm;

3,14.108
- —'-——_—_5 B .
® l/ 103.3 1,6 l/sec

The dynamic hardening factor for reinforced steel (Class A-II) equals 1.25;

0,87.10"
= o
0,98-12,6-1,1-1,26-2700

= 19 cMt,

Fa
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Table of Relationships Among Selected Physical Units to be Eliminated and
SI [International System of] Unit

Unit
To be Eliminated SI
Designa- | Nota- | Designa- | Nota- :
Measure tion tion tion tion | Relationship of Units
Force; kg-force | kgs Newton N lkgs ~ 9.8 N ~ 10N
load; ton-force | ts l1ts ~ 9.8:10> N~10 kN
weight gram—-force gs lgs ~ 9.8°10 8N~ 10 mN
Linear kg-force Newtons 1 kgs/m ~ 10 N/m
load per meter | kgs/m | per meter N/m
Surface kg-force Newtons 1 kgs/m* ~ 10 N/m?
load per square per square
meter kgs/m? | meter N/m?
Pressure kg-force
per square
centimeter| kgs/cm? 1 kgs/em? ~ 9.8+10* Pa ~ 105 Pa~
millime- 0.1 MPa
ters of
water mm vod. )
column st. Pascal Pa 1 mm vod. st.~ 9.8 Pa ~ 10 Pa
millime-
ters of mm rt.
Mercury st. 1l m rt. st.~ 133.3 Pa
Mechanical kg-force
stress per square
milli-
eter kgs/mm2 1 kgs/mm2 ~ 9.8-10° Pa~ 107 Pa~
' Pascal Pa 10 MPa
Young's
modulus;
shear
modulus; kg-force
bulk per square
modulus centimeter| kgs/cm? 1 kgs/cm® ~ 9.8:10* Pa ~ 105 Pa ~
0.1 MPa
Force
moment ;
moment of a |kg-force- Newton-
couple eter kgs'm | meter N'm 1 kgs'm ~ 9.8 N'm ~ 10 N'm
[Continued on next page]
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Table of Relationships [Continued]

Unit
To be Eliminated SI
) Designa- Nota- Designa- Nota-
Measure tion tion tion tion |Relationship of Units
Work kg-force-
(energy) |meter kgs*m Joule J- 1 kgs'm~9.8J3~10J
Quantity of |calorie kal lcal ~4.2J
heat kilo- )
calorie kkal Joule 1. J 1 kcal ~ 4.2 kJ
Power kg-force-
- meter per |kgs-m/s
- second 1 kgs'm/sec ~ 9.8 W ~ 10 W
horsepower {1l.s. 1 hp ~ 735.5W
calories kal/s
per second Watts W 1 cal/sec ~ 4.2 W
kilo-
calories
per hour kkal/ch 1 kcal/hr ~ 1.16 W
Specific calories
heat per gram-
) degree kal/ Joules per J/
Celsius (g*°C) kg-Kelvin (kg-K){1 cal/(g-°C) ~ 4.2-10% J/(kg'K)
kilo-
calories
per kilo-
gram-degree{khal/
Celsius (kg-°C) 1 kcal/(kg-C) ~ 4.2 kJ/(kg'K)
Heat con- calories
duction per second
per centi-~-
meter- lkal/
degree (s.cm-
Celsius ‘°C) Watts per W/ (m- 1 cal/(sec cm*°C) ~ 420 W/ (m-K)
Kilo- meter-Kelvin}K)
calories
per hour
per meter-
degree kkal/
Celsius (chem:°C) 1 kecal/(hr°m+°C) ~ 1.16 W/(m:K)

[Continued on next page]
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Table of Relationships [Continued]

(m? *K)

(m®+X)

Unit

To be Eliminated SI

Desigra- Nota~ | Designa- Nota- :
Measure tion tion tion tion Relationship of Units
Heat calories per
exchange | second per
(heat square cen-
emission)| timeter- kal/
coeffi~ degree (s-cm?. ,

. . -] . «0 ~
cient; Celsius ) C) Watts per 1 cal/(sec-cm®:°C) ~ 42 KW/
heat kilocalories
_ transfer | per hour per square le

coeffi- square meter-|kkal/ meter—Kelvin| (m”-K)
cient degree (che

Celsius m?:°C) 1 keal/(hrem +°C) ~ 1.16 KW/

- COPYRIGHT: Stroyizdat, 1974
6904
CSO: 8144/0433 - END -
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